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INTRODUCLION

uinzer is an important seasonal spice of India.
This contribute 12.88 per cent (9,464.5 tonnes) of
spice export from Inula and 9.8 per cent (ise 136 crores)
of export earnings from spices (B. 138 crores). India
ranks first in the production of ginger, contributin,
rouyghly 50 per cent c¢f the world production.

Although ginger is grown almost all over the country,
Kerala is the most important singer producing state in
Indias Till 1977='78 Kerala used to contribute about
70 per cent of the production but with the development
of zinger cultivation in Meghalaya, the share of Kerala
in total production came down to 40 per cent, Kerala
has 12,713 hectares under . inger producing 32,910 tonnes
of dry glinger per years

Ginger is subject to a number of diseases leading
to varying degrees of crop damage and yicld reduction,
30ft rot caused by Pythium spp continues to be the most
serious disease anc losses to the tune of 50 per cent
have been reported due to this disease, ‘‘he other
rhizome diseases of ginger namely ycllows (Fusarium sp)
and wilt (Bacteria) are not as destructive as the
soft rot and are sporadic in nature,



Ine leaf spot disease coused by pPhvllosticta zin.iberd
Hamanre aas beun lirst raeported from Godavari district of
Andhra Pradesh and vialebar district oi the ocrstwhile
edras State in 1942 by resekeishnen as & oinor disease of
cligers  tiowuver, recently phvllosticta leafl spot ha$
been found (o cause extensive foliar desctruction which
airectly leads to reduction in yleld,

Being considered as a minor diseasc oi . inger, extensive
work un this has not been conducted. inilormation about the
mode oi perennation, entry of the pathog en invo the nost,
varietal susqeptibility and control of thc pathogen are
lacking. reace the present study was initiated with the
following objectives,

1. 10 study the symptomatology and causal organism of the
leal spoi disease of ginger.

2e Y0 ctudy the disease development in tiwe field and the
cavaironnental factors influencing the intensity of the
diseace.

3. {0 find out the mode of entry of the pathogen into the
host leaves,

4e To find out the mode of peremnation and survival of the
satiingen,

5, screening of ginger types against the disease,

Ge W0 study the effect of different fungicides in the
laboratory on the pathogen and t find out effective
and efficient control measures by the fungicidal trial
under field conditions.
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RBVIEW OF LIlunalUku

A leaf spot disease of ginger caused by Phyllosticta
zingiberi n. 8sp. was first reported by Ramakrishnan (1942)
from Godavari district of Andhra Pradesh and Malabar
district of the erstwhile ladras state. He noticed
the occurrence of this disease since 1938, Since then
this leaf spot disease has been reported in India by
several vorkers = Jain et al (1960) and Shukla and Haware
(1972) from Madhya rPradeshj Sohi gt gl (1964) and Gupta
and Varma (1966) from Himachal Pradesh and Kaware (1974)
from Maharashtras In Kerala this disease was reported
from CPCRI, Kasaragod (Anon 1974). FPreliminary studies
on this disease were conducted by Brahma and lambiar (1976).
The disease has also been reported from Phillipines
(Chanliongco 1966 and Mailum and Divinagracia 1969),
Mauritius (Anon 1971) and Sarawak (Anon 1972).

Symptomatoloxy

petailed symptomatology of Phyllosticta lcaf
spot of ginger was worked out by Ramakrishnan (1942),.
He reported that leaf spots produced by pPhyllosticta
zingiberi varied from roundish 1 mm/4 mm to oval or
elongated 9 » 10 mm x 3 = & mm with white centre, dark



brown margins and yellowish halo, The central
portion of older spots was thin and papery and more
oiten torn upe In the central portion a number of
minute blackish pycnidia were formed, first ilmmersed
in the tissues of the leaf under the epidermls, These
later became erumpent and were seen distinctly on

the surface as the mesophyll tissue collapsed and the
leaf became thin in the affected areas. The spots
were usually isolated but they also became confluent
resulting in big patches, Jometimes a large number
of spots developed on the leaf and the entire

leaf turned brown and dried upe. Sohi et al (1964)
also described the symptoms of the disease as oval

to elongate or sometimes irregular spots,

varied from 2,0 t0 15,0 mm in size, liallum and
vivinagracia (1969) observed shot hole symptom

on infected leaves. According to Shukla and Haware
(1972) the initlial spots were half to one mm diam.

in size, and enlarged gradually withian seven to

ten days to reach 8.0 « 10,0 mm x 345 = 4,0 mm in

size,

Causal orgenism

Remakrishnan (1942) found that pycnidium of



Phyllosticta zingiberi was black, measuring
78 pom to 150 aum in diemeter and with a definite

ostiole. According to sohi ct gl (1964) pycnidia
were ostiolate, amphigenous, subglobose to jlobose,
dark brown, erumpent and measured 57.3 am to 145 am
in diameter, Shukla and Haware (1972) also observed
similar pycnidia, but the size ranged from

70 pm « 170 um with a mean diameter of 94 um.
Rampakrishnan (1942) observed the characteristic
liberation of worm like mass of spores from the
ostioles The spores were hyaline, oblon; with
rounded ends and oiten biguttulate, uecasured

3¢7 = 7ot pum x 1.2 = 2,5 um with an everage

of 4.3 um x 146 ums Sohi gt gl (1964) also
described the spores as hyaline, unicellular, oval to
oblong, biguttulate measuring 3.8 = 7.64 un x

340 = 3.8 um in size, The only difference between
the descriptions of Ramekrisiman (1942) and

Sohi et al (1964) was in the breadth of the spores.
shukla and Haware (1972) also described the spores as
hyaline, unicellular, oblong with rounded onds
measuring 3e7 = 7e5 A X 1¢5 = 3¢5 mum with an
average of 44 um x 1.8 pme  They also described



the fungal hyphae as hyaline, sepfate, inter and
intra cellular in parenchymatous tissue of host,
Ramakrishnan (1942) studied the growth characters

of the fungus on different media, On french bean agzar
the fungous grew as thin, greyish white aerial
mycelium with faintly visible zones. The
pycnidia were produced in plenty on the aurface or
slightly ilwmmersed in the medium, The growth of

the fungus on guacker oats agar appeared as a

thick white aerial mycelium, The submerged portion
was dark olive in colour. Plenty of pycnidia were
produced but they were hidden by the aerial mycelium,
on potato dextrose agar there was thick growth with
smoke grey aerial and dark olive submerged mycelium
with visible zones and Humerous pycaidia., On
sterilized inger leaves there was no aerial growth

f the fungus but entire leaves were studded with
nuncrous pycnidias. On culture media the
pycnidial formation started on fourth or fifth

day. <The pycnidia were light in colour in the
bezinning, but with age the colour deepened and
turned 1lizht (o dark hrowne They were isolated or in



sroups. wach pycnidium was ostiolate, thin walled
and very short nccked.  ianakr ishnan (1942)
alsc observed pycnidiun with twoe ostioles which
according to hin was ilormed by the Zusion vi two
pycanidiae «h@ pycnidia in culwure with a size
0. 100 o £70 um diameter (average 1775 um)
were bigger tan those in nature (78 o 150 um)e
shukla anu laware (1072) observed pycnidial
forpation avster seven days growth on potatbo
doxtrose a_ar wodium, the pyecnidia measured 100 to
250 un in diamcters

The hyphae were hyaline or coloured. wouctines
several of theth united to form strands (Kamcikr ishnan
1942 ) @ irorwation or coloured hygphae wos common
ol pultaio aextrose agar, guacker oats and Jiclards
asar whereas cn Jreach bean auar and sterilized
singer leaves it was rare, l{e also noved the
swellin, of hyphal cells into various shapes iLnaide
wiricii round listening bodlies were foruaaie. ven
al'ter kKeeping the culture for over lhrec yoears no
colourcd spore was ever noticed Iln any of the
CUuliurcse

v‘he oplimuw pH reguirement lor lhe Jun us was

Tound to be between 4.3 and Ye8 on Wichurdts agar



(iomakrishnan 1942)3 0.0 in rPedeAs (shukla and
tiaware 1972) and 5.0 = 7,0 on organic media

(ilailum and Vivinagracia 190Y).

Patho-enicity

ihe pathogenicity of the Jungus on _inger leaves
was groved by samskrishnan (194.2).  successiul
infection by the Iungus was obtained when the
leaves werce Lnoculated with spores and culiure bits
ol tihw iungus in agar media, Howevoer infection
was notliced oanly on wounded leaves.  The first
symplon on inoculated leai surface was watersoaked
spots vhich apgseared on the third day witer
inoculaiion. oradually the spots increased in
size and pyenidia were formed wichin ei it days. when
inoculations were made uslly, cultures _rown on
sterilized _in_er leaves, within six month:s ol
isolation, successful ilnfection was ovtained on
wounded _inger leaves arter 60 hours and c¢n
unvounded _in_er leaves aiter six days. But, wvhen
two years old culiure of the same isolate was used,
successful infection was obtained only when the

loaves were woundeds
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Phyllosticta zingiberi could attack a number of

plants othur than ginger., Turmeric was reported

as a host of P. zinuiberi bty Ramakrishnan (1942),
Sumanwar and Bhide (1962) and Pavgi and Upadhyay
(1967). FMailum and Divinagracia (1969) reported
Surcuma dopoptlca, Lostus gueclosus, Aleina sanderas,
Hedvehiug coronariul. SYRerus rotuadus and several

grasses as hosts of the fungi.

Spore j‘s@gﬁ&g&tm atud_l_eg

Spore germination studies of Phyllosticts
zingdberi has not been carried out so fare Onesirosan

(1976) found that the conidia of phyllosticta
Aygopersici did not form germ tubes in distilled water
alone, since C, N, and Poz' were indispensible for
spore germination, He observed that C and N were
regquired for maximum spore swelling but germ tube
formation required PO?: a8 well., A wide spectrum of
susars could serve as C sources. le also found that
the rate of germinatlon was increased in presence of
ng'*« Chowdhury (1937) observed that phyllosticta
Sajani required a minimum relative humidity of
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9549 .;er cent for germination. Bootsma et gl (1973)
reported that the gernination percontage in
vhyllosticta may.is decreased from ¢ naxiwmum at 100

per cent to nil at Y4 peor ceant relative humidiivy.

<here are no reporis on the mode ol entry of
vhyllosticta zingiberi into the loax, llowever
Jimenez~piaz and Doothroyd (1970) oobserved the
entry of rhyllosticta maydis into the wmaize secdlings.
+hey observed over 90 per cent germination vitinin
12 hours, «he germinating conidia produced one or
two unbranched germ tubes ol variable length.
In_ ross occurred by direct penetration oi an
epidermal cell by a penetration se wiilch doeveloped
Lrog an aspressoriunle He found the carliest
aenectration, six hours aifter inoculation and 30 .er
coav 6f Liw jerminated conidia penctrated wichin 24
hourSe irenetration was followed by e development
of & bulbous to rod shaped primary hypha and then
the secondary hyphae grew within epideracl cell
it intercellularly in the mesophyll but nst in

vascular tissue.
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~atalled studies on the survival ol ghylloscictg

iberi has not been cunuucted till recentlye.

[

|

drahma and liamblar (1980) reported that the
pycnidlospores and mycella of phylleosticty gin.iberi
remained viable sor 14 months and 30 months
respectively at laboratory temperatures (37=-30°C).
Jnuer field conditions, the fungus survived in the
lead debris throughoul the summer season
(teuperature 50«33°C)e  cycnidiospores survived in
soll evon at 29 cm deptihh for six months. hen
unsterilized iicid soil was incubated wiih the
ini'ectea ilvaves, the pathogen survived upio two
noaths (larch) and up oo six months (Jduly) vhen
sterile licld soil was inoculated, They also
Yound tvhe developuent of the disease in very young,
seedlings raised in pots, the surface o uhich was

covered with indected leaf debrise

A preliminary work on acreenin, ol _inger types
was conuucted by Nybe amd Hair (iy79)e  hey found

thace oul o1 the 25 types tested lalin_ iva was the
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best followed by ilaran, Bajpal and iladiya.

Supzicldal studieg

Bioas

Bloassay of fungicides using fhyllostictag
2ingiberi as a test organism has not been conducted
so far, However, there are a few reports on the
efficacy of different fungicides against a few
species of Phyllostictg. Ristanovic (1972)
working; with Phyllosticta prunicola found that
DNOC, zineb, captan, folpet, dithianon, ziranm,
copper oxychloride and Bordeaux mixture were
fungistatic to pycnidiospores, Among the various
antibiotics tried a“grimycin 200 ppm alone was
fungistatic, while all others failed to inhibit
spore germination of the fungus. Deshpande gt al
(1973) observed that hinosan at 250 ppm
concentration could completely inhibit the growth
of phyllosticis elatiariae, the incitant of leaf
spot of cardamom. However, 1,000 ppm of kocide or
blitox was reguired to check the fungus completely.
The funglcides captan 83 W, dithane 2«78, dithane li=22,
plantvax and polyram, even though reduced the growth
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rate, was not effective in completely inhibiting the
growth even at 1,000 ppm concentration. ia
vitro studies of fun icides against phvllosticta

elattariae by Prasad gt gl (1978) showed that
difolatan, hexaferb and thiram, even at the
lowest doses tested (25 ppm), were inhibitory
to the pathogen. Jrivastava gt al.(1975)
found that, out of the eight diiferent fungicides
viz, bisdithane, cuman, brassicol, dithane M=45,
dithane Z=78, captan (each in 2,000 ppm) and s
ceresan wet and blitox 50 (each in 3,000 ppm) Y
tried jg yAlro against Phvllosuicta soruhiphilge
bisdithane, cuman and ceresan wet completely
inhibited the fungal growth. Patel et al.(1975)
evaluated the efréﬁt oi fungicides and antiblotics

on conidial germination and mycelial growth of
Phvllosticta ricint in the laboratory. ‘lhey
observed that all the test compounds were fun istatic
and captan, ziram, aureofungin, thirem and zineb at
200 ppm gave maximum inhibition of mycelizl growth.

Field studies

Fleld studies on the coantrol of pPhyllosticta leaf
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leaf spot of ginger was conducted by very few
workers. Ramakrishnan (1942) opined that one or
two sprays of one per cent Bordeaux mixture could
control the disease, Chanliongco (1966) stated
that treatment with zerlate, vancid /=65 and
dithane M=-22 were effective in controlling the
disease. ailum and Divinagracia (1969} suggested
crop sanitation and avoiding close planting, could
reduce the disease severity. Sohi gt gl (1973)
obtained good control of the disease by spraying the
plants with 0.2 per cent dithane _ =78, six

times at fortnightly intervals, <[hey dlso
recommended syra&lng of flit 406 (0.3 per ceat),
dithane 11»22 (0.2 per cent) or Bordeaux nixture one
per cent at fortnightly intervals for checking the
disease,

The efficacy of different iungicides in
controlling pbylloaticts leaf spots on various crop
plunts other than ginger was reported by various
workers, Guba (1924) successfully controlled lcaf
blotch of apple by summer sprays of lime-sulphur at
four, six and ten weeks after ithe fall of blossoms,
ilookar (1924) tried different copper fun:;icides and



observed that copper hydroxide was 15 times more
effec:tive than Bordeaux mixture in controlling apple
blotch on the basis of copper content, ochneiderhan
(1932) obtained good control of apple blotch by
using instant Bordeaux in north western greenings

of Jest Virginia. The effectiveness of dithiocarbamate
fungicides againat gpple blotch was proved hy

Mc Callan (1946). He got good control of the
disease hy usiny fermate and ferric dimethyl
dithiocarbamate. Struble and Horrison (1961)
reported & reduction in the apple blotch by fermate
(2 1b/100 gal.) dithane Z«~78 and parzate (1.5),
orthocide 50 (2), thylate (1.,5) and omadine (1.5)

to an extent of zearo, 1.4 and zero, 4 to 8, 3 and 5
per cent infection, when applied at fortnightly
interval. Smolyakova (1968) found that phygon,
vukhin (quinone sroup) maneb and dlioxide

(group of diene synthetics) were highly toxic
a_ainst Phyllosticta mali. «istanovic (1972)
observed that DNOC, zineb, captan, folpet,
dithianon, ziram, copper oxychloride and Bordeaux

mixture could protect plum leaves from artificial

and natural infections of Phyllesticts prunicola.
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Tandon and Bilgrami (1957) were sable to
raduce the leaf spoti disease of Artocarpus
heterophyllus caused by Phyllesticta artocarpinasg
by sprayin; with 0433 per cent perenox or 3:3150
Bordeaux. Phyvllogticta stramipiells causing leaf spot
ulsecase of rhubardb was controlied by weckly sprays with
1:1:10 Bordeaux mixture (Anon 1960). Mictkiewski

and lLiowak (1972) successfully controlled

Phyllosticty pavias causing reddish broun leaf
spot of chestnut by using copper oxychloride

(Oe3 per cent) and zineb (0,2 per cent)s The
uceZulness of bisdithane, dithane Z«=78, captan,
miltox and cuman in coatrolling rhyllosticta leaf
spot of arhar caused by Jhyllosticta caiani wes
recorded by Saksena and Kumar (1974). nrao and
faldu (1974) recommended 0.2 per cent difolatan
spray at fortnightly interval to control nursery
leaf zpot disease of cardamom caused by
Phyllosticta gclettariae. Difolatan J.< per cent
followed by bavistin (carbendazin) on¢ per cent were
the rost effective of seven fungicides tried in
caatrolling the mursery leal spot of cardamom in a
trial conducted by Ram and Rao (1978). lNatarajan



and Srivastava (1975) obtained good control of
chrysanthemum blight caused by Phyllosticta
ghrysanthemi by spraying 0.3 per cent captan
or flit 406,

17
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MATeRIALS A8l MuelHOLS

All the laboratory experiments connected with the
*5tudies on the Phyllosticta leaf spot of yinger" were
conducted at the Department of Plant Pathology and the
field experiments in the farm attached to the College
of {orticulture, Kerala Agricultural Univérsity, Vellani~
kkara during 1979=80.

The area 1s located between 10° 31' N latitude
and 76® 15* & longitude at an altitude of 22,25 m
above [iule i1he climate prevailing in this area is
typically humid tropical with heavy rainfall, The
soil is lateritic, acidic, medium clay loax rich in

organic matter,

Syaptomatology of Phyllosticta leaf spot was
studied in the _inger type Marane Observations vere
taken on alternate days from the control plois ol
the fuazicidal trial in the field.

Causal organiss

The organism causing the leaf gpot disease of
ginger was isolated from the infected lecaves by the
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method described by Riker and Riker (1936)e The
pure culture of the pathogen was maintained in the
potato dextrose agar medium and used for further
studies.

All the microscopical works « measurements
and drawings - were done using Olympus research
microscope and its drawing apparatus under the
maximim possible magnification. All the taxenomical
description of the pathogen has becen done from the
infected leaves collected from the {icld and from

the pure‘culture maintained in potato dextrose asgar
medium.

The ginger type HMaran was sclected for this
studye The intensity of the disease was recorded at
fortnightly intervals, in the untreated check plots
of the funsicidal trial against Phyllosticta leaf
spot using a score card having nine grades from zero

to eight as given below(Plate 1),



Plate 1, score card for grading the Intensity of
Phyllosticta leaf spot of ginger*

Grade i
5 B et
2 3%
3 10%
4 11-2096
21—35%

%

36-60; i
61—§ .

>~ e
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No infection

Less than 2 (1 or 2 spots)
Less than 5 ( 3 to 5 spots)
Less than 10 ( 6 to 9 spots)
11 to 20

21 to 35

36 to 60

61 to 85

More then 85

C <« O U & W N - O

Aneculation studies

Koch's postulates wera carried out on potted
plants which were grown under the laboratory condition.
whenever the term plant is referred it indicates a
clump of tillers. Inoculation studies were carried
out by two methodss (1) Atomising heavy spore
suspension on three months old zinger plants and
covering with polythene bags for 48 hours. Control
plants were sprayed with sterile distilled water
instead of spore suspensions (2) The leaves of three
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months old potted plants were pinpricked and heavy
spore suspension was atcomised, Control plants
also received the same treatment axcept that asterile
distilled water was sprayed, instead of spore
suspension, Here also all the treated plants were
covered by polythene bags for 48 hours,

All the inoculated plants were kept under

obscrvation for 15 days,
S e at stud

spore germination studies were carried out by
hanging drop technigque by using sterilised slides end
moist chamber. The rate of germination of the
spores was studied in sterile distilled water,
sterile tap water, 10,000 ppm sucrose solution in
sterile distilled water and 20 per cent leaf extract.
Initial germination studies were carried out to find
out the minimum time required for germination. Later,
gernination counts were taken at 2 hours interval till
100 per cent germination was noticed,

The germination studies were comxiucted by counting
the number of spores germinated, cut of a total of
100 spores.
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snt the pa

Mode of entry of the pathogen into the host leaves
were studied using the "whole leaf clearing and
staining technique® (shipton and Brown 1962)e The
studics were conducted on fully matured leaves of
six months old ginger plants, These leaves were
surface sterilised with ethanol ani cut into small
bits of one cm> size. A drop of thick spore suspension
prepared by crushing matured pycnidia from infected
leaves was kept on each leaf bit, T[hese lecaf bits
were Kept in sterile moist chamber, The inoculated
leaf bits were examined after 6, 12, 24, 36 and 48

hours,

‘he mode oi survival of the pathogen on infected
leaves wore studied under semi field conditions in
pots. The infected leaves, Jjust butore withering of
the ploais, were collected from the field, late in the
season. #@ell developed spots before the formation of
pycnidia and spots with wall developed pycnidia were
selcected ardd placed on the surface of the soil and
burried separately 5 c¢ms and 15 cms below the soil
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level in dry and moist conuiitions. The leaf sacples
were taken from the soil at fortanightly intervals and
the viability of the fungs was studied by tissue

isolation technique for seven months,

The germplasm collection of ;inger in the College
of Horticulture was used for screening studies. The
list of twenty-two ginger types used for the study

are given below:

1. Arippa 2. Bajpai

3+ Burdwan 4. Ernad-Chernad
5« LBrnad-tlanjeri 6. Himachal Pradesh
7. Jorhut 8. Juggljan

9. Karakkal 10, Maran

11. Nadiya 12. Narasepattam

13. fio=-de~=Janeiro 14, Taiwan

15+ Thingpuri 16. Thinladium

17« Ture 18, Valluvanad

19. Vengara 20. dWynad-Kunnamengalam
21. Wynad=local 22, iiynad-tanantoddy

For each type 48 sprouted seed rhizomes of uniform
size were sown in a bed having 3 x 1 metre size., All
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the cultivation operations and plant protection
measures for soft rot of ginger were carried out as
per the package of practice recommendations (Anon 1978).

The natural infection of the disease and its
intensity on different types of ginger were recorded at
fortnightly intervals, The disease intensity
scoring was done by using the seme score card
used for graiing the intensity of the disease,

For studying the intensity of infection, four
clumps were selected from each bed using random
numbers, These clumps were tagged and all the
subsequent observations were taken from these
clumps, All the leaves of the tayged clumps were
graded for their intensity of disease and the disease
index was calculated by a modified method of
Mc Kinneyt's scale (1923).

Disease index = Sgpade X number of leaves)x 100

Total muaber of leaves lMaximum
disease score

= per cent infection

ici 8 8
Bloassay studies in vitre

Bloassay studies wore conducted using 12 fungicides
by poison food technique (Zentmeyer, 1955) to find out
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effectiveness of different funiicides against

Pe zingiberi. All the fungicides except Bordeaux
mixture were tried in five concentrations, 100, 250,
500, 1,000 and 2,000 ppm, while Bordeaux mixture was
tried only at 1% concentration. The trade name and
active insredient of the fungicides used are  iven

below:

1, Antracol Zinc-propylenc=bige
dithiocarbamate

2. Bavistin 2~ (Methoxy-carbamoyl)-
benzimidazole

3. Bayer 5072 P=Dimethyl amino-benzene
diazo=sodium sulfonate

4, Bordeauz Basic copper sulphate

mixture
5. Cuman 27% Zinc dimethyl dithiocarbama-
te

6. Difclatm N"“' "1. 2' 2-mtra.
chloroethyl thio=cige
4=cyclohexenec~-1,
2=dicarboximide,

7+ Dithane =45 75% co=ordination product of
zinc ion and manganous
ethylene bis=dithiocarbamate

8. Dithane Z-{8 75% ethylene bise

dithiocarbanate

9. Fycop A 4056 copper oxychloride

10, ilinosan Owethyl=5, Sediphenyl
dicthiophosphate

11. Kitazin 48% O=Owdiethyl=sebenzyl
thiophosphate

12. ranolil Guazatine=40; v/V. (Guani=

dated 9eaza=1, 17-diamino-
heptadecane acetate salt)



2b

Solid mediup

Twerty ml of potato dextrose agar medium was
taken in test tubes and sterilized in an autoclave
under 15 lbs pressure for 20 minutes.

The fungicides from the stock sclutivn were added
to the potato dextrose agar medium taken n the test
tubes, to get the recuired concentretions. This was
mixed well and poured into the eterilized petrt
dishes, Five millimeter diameter inoculun discs of
seven day old, uniforaly grown cultwre was placed in
the centre of the dish aseptically and incubated at
room temperature, iiedia withou® the funjgiclde was
taken as the control, For cach treatment lour
replications were maintained. The growth ol the
organism on the media was measursd every 24 hours
till the organism completely ecovered tie 9C mm
petri dish in the controls The por cent lLanibition of
the prowth of the orgenism was calculated by the
formula (Vincent 1927).

I = 100 (C ~1)
c

where 1 s Inhidition of funzal growth

C = growth in sheck
T = growth in treatment



Liquid medium
The bioassay studlies were also conducted in
ligquid medium, using potato dextrose brothe. The
fun;icides used and concentrations tricd were the
same as those used in the solid medium. For the
study, 100 ml of the sterilized potato dextrose
broth was taken in 250 ml conical flask and the
fun;icides were added into the madium from the
stock solution to get the required concentrations.
Potato dextrose broth without any fungicide was
kept as the controlese Fungal discs of five mm
diameter taken from uniforaly grown, seven day old
culture were used for inoculation. The flasks were
incubated at room temperature, The treatments
were replicated thrice, After 15 da's growth,
the dry weight of the fungal mycelium in each treatment
was iound outs The fungal mat was filtered through
a previously weighed wWhatman no. [ filter papere.
lhis was then oven dried at 60°C till two consecutive
weights agreeds The dry weight of the fungal disc

alonc was also found out as above,

zicl tria @ 1

Moderately susceptible ginger type, Maran, was
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selected for this study. The experimental area was
ploughed well and raised beds of 3 x 1 meire size with
25 om height were formed, ‘lhe experimentl was laid
out in randomised block design with seven treatments
and four replications. Ltach plot consisted of four
beds. Between beds a spacing of 50 cm was given.
ttach plot was one metre apart seperated by a suall
bund to aveld possible drift of the iungicide and
other treatment influences., Forty seed rhizoues
of uniform size having one or two sSprouied buds were
sown in each bed with a spacing oif 30 cm x 25 cme
These rhizomes were treated with 0.25% azallole3
solution for 30 mimutes before plenting. <Three
plants from each bed were selected using ramion
numbers for estimating the disease intensity. Thus
12 plants were sclected from each piot as
observaticnal plants, The disease intensitly

was recordedusing the same score card used for
grading the intensity of disease. Cultural
operations were carried out as per the package of
practice recommendations (Anonymous 1978)e. Sufficient
contirol measurces were taken against soft rot disease

by soil drenching with cheshunt compound,
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Five fungicides which were found significantly
effective in checking the growth of P. zingiberi in the
bioassay studies viz, antracol, Bordeaux mixture, cuman,
difolatan and panolil were used for the ficld experiment.
Fycop, the copper oxychloride fun;icide, even though
did not ive good result during in vitro studies, was
also inclwied in the field studies with a hiher
concentration or 0.25 per cent, as copper oxychloride
is one of the most popular fungiclde in Kerala., The
concentrations of the fungicides used are given balow:

Antracol Qe 2%
Bordeaux mixture 15

Cuman 0e1%
Difolatan 0e2%
Fycop 0e25%
Panolil 0.05%

Lach treatment, consisting of four plots, received
245 litres of the sprey fluid pcr gpplications <he
fungicides were sgprayed using a knepsack sprayers.
In the control plots water was sprayed instead of
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fungicide solution, Sufficient carce was taken

to avoid the drift effect of the spray iluid. Three
fungicidal sprays were given at six wecks interval
starting from six fortnights after planting the rhizomes,
The first spraying was given immediately after the
appearance of Phyllosticta leaf spots in the ficld.

The observations were taken at three weeks interval,

The last observation was taken just before withering

of crop, one month before harvest,

Statistical analysis

The statistical analysis of the data on disease
index for different fortnights of the screening trial
of ginger types was carried out using the Analysis
of Variance technigue of the randomised block design.

Ranks were assigned to the types in each fortnight
based on the disease index and the ranked data were
analysed eccording to the method suggested by walker
and Lev (1965). The significance of the difference
between the ranking of treatments over the different
fortnights were tested using the wallis-Kruskal H test®,
The test criterion for the test is given below:

* i 1is found to follow a X° distribution with degrees
of freedom equal to (m = 1),



2
x = -.-z%m (if.,‘ Ti)'k(?‘ﬂ)

where, m = pmumber of fortni hts

p = number of treatments (ginger types)

The analysis of the consolidated data of the
fortnightly averages of disease index in different
¢inger types was carried out by using the ordinary
analysis of variance technique of the randomised block
design.

Data on per cent inhibition of growth of
Be zingiberi by poison food technique with different
concentrations of fungicides after six days incubation
obtained from the result of the bioassay studies in
solid medium were analysed according to the method
sugzested by Federer ( 1955 )e The data were
transformed to angles by using the inverse aine
transformation siven by = Sin™~'/P where  is
the angle corresponding to the per cent p. +he
variations between fungicides and between concentrations
within fungicides were evaluated and tested for
signiricance.

The data from the bloassay studies in liquid
medium were analysed without effectin; the *ransiormation
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because the observations were mycelial wei_ hts of the
fungal growth in different treatments. The method of
analysis followed was same &8 described above besides
that the general effect of fungicides over control was
tested for significance,

Data to determine the comparative efficacy of
different fungicides in the control of Phyllosticta
leaf spot disease of ginger during each period of
observation were analysed by implyin; the analysis of
variance technique of randomised block design.

The overall increase in disease index during the
entire pariod of observation was calculated and the
resuliing observations were analysed statistically to
neasure the effects of different fung icides on
the disease intensity., The average yicld per plot
was also recorded and suhjected to statistical analysis,

£he influence of weather parameters on the
intensity of the disease was determined by working
out the simple correlation coefficients. ‘The correlation
between the average mumber of leaves per plant in each
fortnight and the intensity of the disease was also
calculated, ‘i‘he partial regression coefficient were
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computed to know the relative effects of the different
independent variables on the disease index. The
coefficient of determination (Rz) was

calculated to measure percentege variation explained
by the independent variables of the multiple

regression egquation,



Kesully




RESULTS

Sympt tol

The first infection in the field was observed only
five fortnights after planting., The initial symptom of
the disease was noticed on the physiolo ically active
leaves as chlorotic specks on the infection court,

%#ithin 48 hours these chlorotic specks enlarged slightly
and became dark brown in colour. These brownish spots
measured 0,2 = 0,5 mm in size, <These spots further
enlarged with a definite margin. A well developed
spot was oval or elongated, rarely circular in shape with
a papery white holonecrotic area encircled by

dark brown ralsed margin, surrounded by yellowish

halo., T[he matured spots measured 6,0 = 10,0 mm x

2,0 = 6,0 mm in size. In few cases the holonecrotic
area later dropped off resulting shot hole symptoms
(Plate 2). Often the spots coalesced to form large
patches,

The fructilication of the funsus was noticed on the
host tissue only on well developed spots which agppeared in
the field only after seven fortnights after planting in
the month of September. During the later stages of the
crop growth the fructifications of the fungus was noticed






even in the developing spots. Pycnidia were found
even 3 -« 4 deys after the production of the spots,

au 0, i

The pathogen causing the leaf spot disease of
ginger was isolated and brought into pure culture on
potato dextrose agare. Detalled studies on morphological
characters of the organism were conducted. ‘‘he
organism was identified as Phyllosticta zipciberi itamakr.
(Ramakrishnan 1942). The description of the present
collection is ;iven belows Phyllogticta zin:ziberi
ramakre Proce indisn-Acade Sgie Be 133 167-171, 1942,

Spots numerous, epiphyllous oval to elongated,
holonecrotic area papsery white, dark coloured raised
margin, surrounded by an yellow halo, 5.0 = 10,9 mm x
3.0 = 4,0 mm in size, rarely resultin: in shot holes.

Pycnidia numerous, amphigenous,  regarious,
scattered over the holonecrotic area, at first
completely covered with epidermel layer, later erumpent,
dark brown in colour, subglobose to ;lobose,

ostiolate, leathery, wall composed of iour to six
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pseudoparenchymatous cells, 60 = 135 Aim in
diameter, conidiogenous cells simple, aseptate,
elongated to pyriform formed from the inner layer of
the conidial wall 640 « 10,0 um x 3¢5 = 445 pm.
Conidia holoblastic, hyualine, unicellular, oval to
oblon., bigutiulate, smooth walled with a
mucilasinous coating, 4e6 « 93 um X 25 = 3.9 am
(I'i;se 1, 2, and 3) on living leaves of
Zinziber officinale Rosco., Vellanikkara, 20+10.1960,
Fremanathaay Te

The fungus was brought in pure culture. ‘ithe
rorphological characters of the lungus on culiture media
werce slighily differeat from those found in the
natural subatratume, The fungus grew well on
potato dextrose agar medium with thick aerial _rowth,
‘the hyphae were nyaline in the initial stage, later
became dark coloured., un potatou dextrose a_ar medium
the fungus covered a 90 mn petri dish within a period of
six days under laboratory conditiouns, souetimes the
intervoven mycelium iormed sclerotia like sirucltures in
the- culture,

On potato dextrose agar medium, pycnidial production
was noticed from fourth day onwards, ihe pycnidia
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were abundant, gregarious, subglobose to globose,
ostiolate, erumpent, dark coloured and thin walled with
a size of 457.8 = 9346 mum. The size of the
pycnidia in artificial media was much higher than that
geen in the natural subscratum. Similarly the
conidiogenous cells and conidia in culture were

also larger than those noticed on the infected leaves,
The conidiogenous cells measured 10 = 15 aum x

440 = 6.0 mum and the conidia measured 4.6 = 14,0 um
in length and 3.0 = 4,5 pum in breedth.

cuiation swucioe

Inoculation studies revealed that uninjured
leaves inoculated with the fungus did not take infection.
However, when spore suspension was sprayed on injured leaves
infection was obtained. Infection was not
obtained on plants sprayed with sterile distilled
water instead of spore suspension (Table 1).
On injured leaves infection was not obtained on
the [irst three leaves from the top. All other
leaves took infection on artificial inoculation,
The infection obtained ranged from 81,63 « 38,24
per cent with an average of 84,69 per cent, ihe



Table 1. iffect of inoculation on injured leaves

38

of ginger plants using spore suspension of
E. zingiberi.

Sl [ TOtﬂl ﬂO-
noe of leaves

FR X

g J

49
47
33
32
23
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No. of leaves Per cent

infected infection
45 88424

52 83.87

37 84,09

62 84,93

50 84475

4o 81.63

39 82,98

28 84.85

28 87.50

45 8ie N
Average infection 52:35
wosme
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first visible symptom noticed was dark brown spots
without any definite margin. Later on the spots

enlarged and the holonecrotic area became grey white
with a definite dark brown margin,

The intensity of the disease at periodic
intervals, weather data and average rumber of leaves per
ginger plant at fortnightly interval are given in
table 2, and represented in figure 4,

The first visible symptom af the disease in the
field was observed during the first week of August when
average number of leaves was 14 per clump. During
this fortnight 458,36 mm rainfall was received
resulting in high relative humidity (average maximum
95.43 per cent and minimum 86.57 per cent) and low
average temperature (average maximam 27.56°C and
ninimum 22.,88°C), The disease intensity was only
1.94 per cent at this stage.

The intensity of rain was reduced during the second
fortnisht after symptom development and there were only
11 rainy days with 177.21 mm rainfall resulting in
a lowerin; of average minimum relative humidity
(7621 per cent) though the average maximum relative
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humidity was not changed appreciably. A slight
increase both in average maximum and minimum temperatures
was noticed during this periods, Within this fortnight
11 new leaves were produced per clump and the disease
intensity was increased to 2,81 per cent.

During the third fortnight after the appearance
of the disease there was only four rainy with 116,12 mm
rainfalle The low rainfall during this period
resulted in a reduction of both average maximum and
minimun relative humidity (average maximum 94,29 per
cent and average minimum 71,86 per cent) and an increase
in average maximum and minimum temperature (30.13°C and
23.59°C respectively)s An average of 14 new
leaves were produced in each clump during this period
and the disease intensity increased to 4.00 per cent.

In the fourth fortnight alter the appearance of the
disease in the field, rainfall was very mea;re (24,80 mm)
which was received in four days. But this low rainfall
did not cause any change in relative humidity
(average moximum 93,50 per cent snd minimum 74,57 per
cent). The day and night temperature increased from
30413°C and 23.59°C to 31.75°C and 24,16°C respectively.



41

During this period an averaze number of 48 leaves wes
noticed per clump and the disease intensity
increased to 5,03 per cent,-

in the fifth fortnight there was 13 rainy days
with a total rainfall of 176.10 mm which increased the
average minimum relative n.ﬁidity and decreased the
maximum and minimum temperature.s uring this
fortnight 20 new leaves were produced and the disease
intensity was 9,94 per cent,

Dur ing the subsequent three fortaights (sixth, seventh
and eighth) the rainfall humidity and temperature
pattern was almost similar and that was lower than the
previous fortnighte There was a slight increase in
the average maximum temperature, The number of
leaves during this period increased contimiocusly and
the number of new leaves produced was 44, 44 and 29
respectively, The disease intensity during this
period was 11.85, 16,56 and 20.89 per cent respectively,

During the nineth fortnight the north east monsocon
was very active and there was 12 rainy days with a total
rainfall of 230,88 mm resulting in an incregse in
the relative humidity and a decrease in temperatures
Only five new leaves were produced during this periode



Table 2, Fortnightly averages of the disease index, number of leaves per plant and
weather factors influencing Phyllosticta leaf spot of ginges.

Disease index (%, Temperature(°C) Relative humidity(#) Rainfall(mm) Average
2: Aver= In= Average Average Average Average Total Rainy ll‘.:;:s
age crease maximum minimum maximum minimum rainfall days per plant
N B e SL NSNS UNEESS NEESESDINEEED SE SR SS S eSS D R AN R me
1 1.94 1.94 2756 22,88 95.43 86,57 458.36 14 %
2 2891 0.87 29.32 23,04 95.29 7621  177.29 11 25
3 4,00 1.19 3013 23459 94429 71.86 116.12 b 39
4 6.03 2,03 31.75 24,16 93.50 7157 24480 b 48
5 9.94 3091 29,22 2324 95.07 81.21 176,10 13 68
6 11.85 191 31.01 23465 92.50 724,00 40,00 7 112
7 16.56 4e71 32,60 23,66 9157 70429 87.00 8 156
8 20,89 bhe33 31.76 24,11 86,00 69.43 36.90 6 185
9 48.74 27485 30.11 23.36 91.71 80,14 230,80 12 190
10 69.82 21.08 31.27 24,08 85.78 644l 64400 2 189
1 8507 1525 31.16 22,71 79.86 5743 ——— - 130

¢7
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The severity of the disease in the field suddenly
increased from 20,89 to 48474 per cent.

vuring the tenth fortnight there was only two
rainy days with 64 mm total rainfall., <ihe relative
humidity both maximum and minimum decreascd to 85.78
and Gh.44r per cent respectively and there was a very
slizht increase in the maximum and minimum teamperature
when compared to the previous fortnight. No new
flushes werc produced during this period indicating
that the crop has attained maturity., ‘There was a
marked increase in the disease intensity (48.74 to 69.82
per cent) during this period,

In the fortnight juat before the harvest there
was no fainfall and the actual winter season
started indicating low humidity with low night
temperature, As the plants attained the harvesting
naturity now new flushes were produced and a large
number of old leaves dried and there were only
130 lcaves in each clumpe During this period the
disease intensity reached the maximum (85.07 per cent)
and there was not even a single leaf without the
leaf spot (Table 2 and Fige &)
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From the correlation matrix (Table 3) it is

obaerved that maximum and minimum temperature,

maximum and minisum relative humidity, total rainfall
and number of rainy days were having no signilicant
effaect on the inteneity of the disease. The number

of leaves per plant was found to influence significantly
the intensity of disease with positive correlation.

The corrected coefficient of multiple
deternination (R%) was found to be 0.7103 indicating
the goodness of fit and implying that 71,03 per cent
of variation in the intensity of Phyllosticta
leaf spot of singer could be explained by the
included independent variables (Table 4),

In this epidemiolozical studles the calculated
values ol minimum and maximum temperaturo, minimum
and maximum relative humidity, total rainfall, rainy
days and avera_e number of leaves per plant were

-0e1595, = 0.7416, 041466, 046121, =0.,0276,
09574 and 1.7702 respectively« These would mean
that a unit decrease in the maximum temperature
would, geteris paribus increase 0.1595 per cent
incidence of Phyllosticta leat spoi, a decrease in



Table 3, Correlation matrix between the intensity of Phyllosticta leaf spot and weather

factors/plant parameter.

roox % x, X, % X Xy

Y

-
[

1.0 0,14245™% <0,02270" -0.51299“““ 0423683 «0,04660"° =0,16701"  0.70157%

1.0 0.6i4ts13 -0.51719* =0.73661%  0,861008  =0,67253% 0:56379
1.0 ~0,03556""  =0,23483" " =0.50778 ° =0.36321 0,375
1.0 0.83490%  0,56169'°  0,71896%  =0,65088%
1.0 0.B456/*  0,93686%  ~0.43539
1.0 0,79953% =03
1.0 ~0,26906™
1.0
E B IR M- B - NN B B NE N BE BN NN BE B AN R R BE BN BN F NN BN BF Br NE B BE B BN BE JF Bk N B NN B N BN BN O BE B B BN BN )
Non significant *  Significant at 5% level
Disease intensity ( ﬁ:?“ in disease X;, 8 Average minimmn humidity

3

Fortnightly average maximum temperature )(5 Fortnishtly total rainfall
Fortnightly average minimum temperature Xg 3 Fortnightly total number of rainy days

Fortnightly average maximum humidity )L] $ Average mamber of leaves per plant in
each fortnight

GY



Table 4, Linear regression coefficient of factors influencing the Phyllosticta
leaf spot disease of glnger.

o S B 2 o3 2 IS M N S W R o OO O S S IR S O MO I R OIS o M OIS WM W M N s

Variable Partial regression Selse 0£ b 't value
coefficionts (b)

B W E WM K gz SN NN NN BB SNES S W N S 8NN NI LGN K X3 M mEe M s

X, «0.9271 5.8124 =041595

X, =10.2192 13,7795 «0.7416

X5 0.2653 1.8100 0,166

X, 15680 2.5616 0.6121

X =0.0018 0.0649 «0,0276

Xg 249636 30956 «0,9574

Xy _ 0e1591 0.,0899 1.7702
W SN W D W OB NN E D BN N SED WS A RN D S oM o NSNS WW
Multiple correlation coefficient i = 0,8428* * Sionificant at 5% level

RP= 0,7103
Y = 644.6471 = 0,9271X; = 10.2192X, + 0.2653x3 + 1.5680)14 - o.omaxs - 2.%36)(6 +
0.1591X7

Qy



one °C in minimum temperature, geteris paribus, would
increase 0,7416 per cent incidence of the disease, a

unit increase of smaximum relative humidity would, ceteris
paribus increase 0,1466 per cent, a unit increase

in minimum relative humidity would, ceteris paribus
make an upward variation in the incidence by

0,6121 per cent disease, 4 unit reduction in total
rainfail and rainy days would, ceteris paribus result
in the increase of 04276 per cent and 0.,9574 per

cent respectivelys A unit increase in the parameter,
the average number of leaves yer plant would,

geteris paribus increase the intensity ol the disease
by 177 per cent.

spore sormination studigs

she minioun time required for the germination
of spores was diiferent in different media (Table 5).
Among the four media used, the spore germination time
was minimum in 10,000 ppm sucrose solution, followed by
20 per cent leaf extract, sterile tap water and
sterile distilled water, The minimum time required
for spore germination in these media was two hours,
three and a half hours, three hours 45 minutes and
four hours respectively. Since the minimum time
reguired for initial germination was two hours,
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the germination count was taken at an interval of two
hours, till cent per cent germination was observed.
Cent per cent germination of the spores was noticed
within 12 hours in sterile distilled water and

10,000 ppm sucrose solution, while it took 14 hours

in the case of sterile tap water and 20 per cent leaf
extract (Table 5)s In general spores of

Pe zin iberi germinated by putting forth a single polar
germtube (Fize. 5) while some germinated by putting
forth two germ tubes. In the initial stages of
germination all the spores germinated by a single

germ tube in all the media. The first double germ tube
production was noticed in 10,000 ppm sucrose solution
after six hours and it was only 3.3 per cent. ihis
increased to 5843 per cent after 14 hours, In tap
waler this phenomenon was observed only after ei ht hours.
The double geruination in this media was 2.3 per cent
after ei_ ht hours and 31,7 per cent aiter 14 hours,

In distilled water double germ tube formation was very
meazre and was only 10 per cent even after 14 hours,
This phenomenon was not observed in lecaf extract

(rable 6). In both ocases the germ tubes were
developed from the polar ends,
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Table 5, Per cent germination of pycnidiospores of
Pe. gingiberi in different media at different
intervals,

T L o e in h o ur 8
2 4 6 8 10 12 14

Distilled 0.0 3¢3 33¢3 65,0 86.7 100 100
water

Tap water 0.0 8¢5 30,0 58.3 783 97 100

10.000 ppa 07 6540 7647 3843 9843 100 100
Sucrose
solution
extract

Treatments

Table 6. Per cent production of double germ tubes hy
the pycnidioapores of P. zingiberi in different
media at different intarvals,

T 1 o e i n h o ur s
2 4 6 8 10 12. 14

Distilled 0,0 0,0 0,0 060 04,0 10,0 10.0
water

iTap water 0.0 0.0 0.0 23 150 28e3 3.7

10,000 ppm
Sucrose 0.0 0.0 3¢5 15.0 3040 56,7 5843
solution

205 Leaf 00 0e0 0.0 0e0 0s0 00 0.0
axtract

22 3 W B S N O W B D DWW B SN TS KNS W W 3N

Troatments
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Entry of the pathogen

Entry of the pathogen into the ginger leal was studied
as described in the materials and methods. Conidia
artificially inoculated on both asurfaces of the
leaf were found germinated, In all cases the
spores ware germinated within fowr hours
and put forth the garm tube parallel t the leaf surface.
After 48 hours well developed branched hyphae were
noticed and they developed parallel to the leaf
surface, <ihese hyphae showed no affinity
towards the stomatas From the germ tube no infection
peg or appressoria were found to be developeds 1In
some cases the germ tubes showed direct penetration

into the leaf surface.

survival studies

ihe mode of perennation of the fun us was
studied with an aim to find out the survival pattern
of the pathogen in the field. The infected leaves
with and without pyonidia were kept on the surface and
buried five and fifteen cm below the soil surface.

A set of the above treatments was kept dry amxl another
wet by controlled irrigation. The samples ware drawn



at fortnightly xntervalglfrom all the treatments and
viability of the fungus was studied by isolating the
pathogen from the leaf bits. The leaves kept in and
on the dry soil did not decompose and the vhole
leaves remained intact throughout the period of
observation. ©#hen the leaves were kept wet, they
decayed gradually and at the end of the experimental
period it was difficult to get complete leaf bits,
vecomposition was more in bucried leaves under wet
condition. IHowever, the pathogen could be isolated
throuzhout the period of observation (seven months)
from the leaves containing pycniaia and from those
which did not contain pycnidia. The growth of the
fun:us from the leaf bits were observed three days
after culturin;e There was no difierence in
cultural characters of the organism which was
isolated from the leaf bits containing pycnidia and
those which did not contain pycnidia.

swenty two singer types were screcned against the

disease in the field condition. The incidence of the
disease was first noticed in the field during the first
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fortnight of August, five fortanights after planting.
The observations were taken at forthightly intervals
and the intensity of the disease was measured as
described in the materials and methods. The iinal
observation was taken when the plants started withering
which was the sign of maturity of the crop. The
intensity of the disease at fortnightly intervals is
psiven in Table 7,
buring the first observation, the minimm disease
intensity was noticed in the _inger type, Himachal
pradesh (0.28 per cent) followed by Burdwan (030 per
cent) and Nadiya (0.46 per cent) while the paximum
intensity was noticed in the type Jorhut (5.81 per
cent) followed by Taiwan (5.27 per cent) and iio=de
Janeiro (3.77 per cent), COther types showed varying
degrees of disease intensity between these oxireme values.
A gradual increase in the intensity of disease in
the different types was noticed with the maturity of the
crope The intensity of disease varied with the
typese. when the intensity of diseasc was observed at
the end of the tirst fortnight of september (eight forte
nizhts after planting) the type Himachal pradesh
continued to show low disease intensity (1.82 per cent)
compared to other typese. 1Ihe type Burdwan also showed &
similar trend with a disease intensity of 2.23 per cent.
The type Jorhut which showed the highest intensity oi
disease during the sixth fortnight of planting contimued



to show highest disease index (8.28 per cent) after
eighth fortni ht of planting. However, the
inters Lty of the disease in this type got reduced
from 5.81 per cent found in the sixth to 4.06 per
cent in the seventh fortnizht, The maxirmum increase
in disease index of 195 to 9«43 per cent was
noticed in the type Juggijan (Table 7).

tinen the plants completed three fourth of the
growth period (after 11 fortaights of srowth, by
October last) the pattern of disease development showed
considerable change in the different types screened,
At this stage, the type Haran showed the least disease
intensity of 9.71 per cent followed by Burdwan
(10.48 per cent), Karakkal (10,85 per cent) and
Bajpai (10,94 per cent)e. Tie maximum intensity of
dicsease observed at this stage was in the type
Valluvanad (18.95 per cent) followed by Juggijan
(18.82 per cent) and Tura (18.11 per cent)(iasble 7).

During the month of November there was a sudden
increase in the disease intensity in all the types,
At this stage the disease intensity in the type Maran
increased from 12.01 per cent during first fortnight
of November to 31.85 per cent in the second fortnight.
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Similarly the type Karaikkal showed an increase from
12.31 to 32,57 per cent, Hadiya 15.24 to 39.21 per cent
and Bajpal 1328 to 39.24 per cente. <1he maximum
increase in thoe dlsease intensity of 36.21 was
observed in type Vengera (20423 to 56.44 per cent)
followed by Taiwan (19.25 to 54,12 per cent), Juggijan
(20,85 to 53,14 per ceant) and Valluvanad (19.84
to 52,89 per cent )(Table 7).

From last fortnight of ilovember to the final
observation in Daecember, there was a marked increase
in the disease dovelopment, iiowever it was not es
pronounced as was noticed during first lo second
fortnight of llovember., During the final observation
(15th fortnight after planting) the type i.aran exhibited
the minimum disease intensity (53 per cent) followed by
Karakkal (55 per oent),Bajpal (65.2Y per cent)
and Narasapattem (68425 per cent). ‘he maximuu disease
intensity during the same period was observed in the
type Vengara (94,50 per cent) followed by Taiwan
(92+13 per cent), Arippa (86 per coent) and ‘ynad=local
(84,25 per cent)(Table 7)s

The progress in the disease development of
different types varied with time, This variation was
different in different types, The type Maran which
showed least disease index at the final stage of
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observation was ranked only seveath during the

initial stage of disease development, 12th after

three fortnights and then the intensity ot reduced.
From second fortnight of Uctober (11 fortnight after
planting) till the final stage Maran was ranked first,
when the disease index in other types suddenly
increased during the 13th fortnight the intensity of
increase was only 19.84 per cent in Maran compared

to 36,21 per cent in type Vengara which showed

the maximun disease index. Karakkal, which was ranked
second at the end of last observation was ranked 10th
durin: the sixth fortanight. The type Bajpai which
showeu a higher rank in the initial stage of the
disease development (18th rank) did not show high
disease intensity in later stages of crop growthe

This type was better than Maran and sarakkal during
eizhth, ninth and tenth fortnights. During the

final observation it was ranked third (Table 7). The
type vVengera which showed the maximum disease intensity
during the last three fortnighis was ranked fifth during
the {irst observation. The disease  radually
developed in this type and 1t was found to be one of
the mout susceptible type during the final stajes ot



Fige 6. Comparative ranking of ginger types azailnst
Phyllosticta leaf spot based on mean disease
index.
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Renk no. Type

1 Maran

2 Karakkal

3 Bajpai

4 Nadiya

5 Narasapattam

6 Burdwan

7 srnad-Manjeri

8 srnad-Chernad

9 Wynad-Kunnamangalam
10 Thingpuri

11 Thinlad ium

12 Himachal pradesh
13 Rio~de~Janeiro
14 Arippa

13 Jorhut

16 Wynad-local

17 Wynad-{ianantoddy
18 Valluvanad
19 Tura

20 Vengara

21 Jugzijan

22 Taiwan
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Table 8, Comparative ranking of ginger types a.ainst
Phylloaticta leaf apot based on mean disease
ixi ex.

Rank No. Type Mean diseaso index

1 lMaran 1716
2 Karakkal 17.72
4 Nadiya 21.36
5 Harasapattam 21N
6 Burdwan 22,51
7 Ernad-Manjeri 24,06
8 Zrnad=Chernad 24432
9 Wynad-Kunnamangalam 24,53
10 Thingpuri 24,60
11  Thinladium 24,64
412 Himachal pradesh 24,68
13 Rio=de=Janeiro 25429
14 Arippa 25.74
15 Jorhut 25491
16 Wynede=local 264,53
17 vynad-Manantoddy 2780
18 Valluvanad 28.28
19 Tura 28.57
20 Vengara 2890
21  Juggijan 29,08
22 Taiwan 29,16

PO IR BE BN RN BE-BNC BE BE N BE OBE BN NN B N I BE BN OBE BN OB BN B

CD (0.05)

57



its growth,

The data of the mean disease index based on pooled anui
ysis of the disease index during the crop growth
are given in Table 8 and Fig. 6+ The type riaran
exhibited the oinimum disease incidence (17.16)
which was on par with the type Karakkal (17.72)e
The types Bejpal, Nediya and Harasgpattam though on
par were significantly inferior to the Ypes idaran and
Karakkale. ialwan with a mean disease index o1
29,16 was the most susceptible types ihe types
Juggijan, Vengara, iura, Valluvanad and Vynade
Manantoddy were on par with Taiwane

x2 test was employed to find out the significance
of the difference between the rankings of the ginger
types over different fortnights. The test was
found to be significant (x? ® 737e34).
Hence a pooled estimate of the true rankings of the
ten fortnishts after the incidence of the disease
in the field was carried out. 71he lowest total
rank was found in type Burdwan (43) followed by
lMaran and iladiya (46) which were found to be less
susceptible to the disease when compared to other types,

The rank totals below 100 were found in types bajpai (357),



Table 9. Comparative ranking of ginger types against
Phyllosticta leaf spot based on aggregate rank.

Rank No. Type Total of ranks

1 Burdwan 43
2 Maran 46
3 Nadiya 46
4 Bajpai 57
5 Karakkal 61
6 Narasapattam 75
7 Ernad=Chernad 88
8 Himachal pradesh 94
9 Thingpuri 99
10 Arippa 99
11 Lrnad <fanjeri 111
12 Wynad-Kunnamangalam 12
13 Thinladium 129
14 Rio=-de=Janeiro 134
15 Wynad=local 142
16 Vengara 144
17 Jorhut 154
18 Valluvanad 167
19 Wynad -Manantoddy 171
20 Tura 180
21 Taiwan 182
22 Juggijan 196



Karakkal (61), Narasapattam (75), urnad-Chernad (88),
Himachal pradesh (94), Thinipuri and Arippa (99).
The most susceptible type Juggijan had o maximum
total rank of 196 followed by ifaiwan (182), .ura
(180), wynad-Manantoddy (171), valluvanad (167)

and Jorhut (154), The total ranks of the other
types were in between 100 and hundred and fifty
(Table 9). ‘

Funcic studle

Biocasaay

the effectiveness of 12 different fun;icldes was
evaluated in the laboratory against g. gingiberi by
poison food technique (Zentmeyer, 1955)e ihe
fun icides were tried in different conccnirations,
from 100 ppm to 2,000 ppha

Solid medium

Pe zinziberi took six days to completely cover a
90 nmn diameter peiridish ian the untreated checke
Hance the per ceat lnhibition was calculated based on
the sixth day growth of the fungus in various treatments,
The inhibition of growth of the fungus varied in
different concentrations of different fun;icides (Tables
10 and 11).
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Among the fungicides tried, bavistin, Bayer 5072,
fycop and panolil did not show any inhibition at 100 ppm
concentration and the growth rate noticed in the media
incorporated with the above fungicides were similar to
the untreated medis. All other fungicides showed varying
degrees of inhibition, Difolatan induced the naximum
fungistatic property with 92,86 par cent inhibition.

None of the fungicides tried showed complete inhibition
of growth at tne lowest concentration,

In the next higher conceatration, 250 ppm the
maximum inhibition of growth was observed in difolatan
(93.15 per cent) followed by antracol (78.27 per cent)
and _anolil (77.38). Bavistin, even at this concentration
did not show any inhibitlon of growth. Bayer 5072 (19.94),
fycop (23.81) and dithane 2«78 (46.56) gave only
less than 50 per cent inhibition of the fungal growth.
sven in 500 ppm concentration bavistin (5.95) was
found to be least effective in checking the growth of
the funguse This was followed by fycop (38.99). All
other fungicides gave more than 50 per cent inhibition.
Panolil, which failcd to inhibit the fungal growth at
100 ppm completely inhibited the growth at 500 ppm
concentration, Difolaten (93.48) caused the maximum



bd

Table 10, Growth messurement (in mm) of P. zingiberi
by poison food technique with different
concentrations of fungicides, on the sixth
day «

Growth measurement (in mm)
Concentration in ppn

100 250 500 1,000 2,000

51 .
no: Fungicide

1 Antracol 29425 24e25 16425 16,00 5,00
2 Bavistin 90.00 90,00 85 00 80,00 73.75
3 Bayer 5072 90,00 73425 35,00 1450 5,00
4 Cuman 65.00 33.75 18425 14, 25 8.50
5 Uifolatan 12,00 11,75 11:.50 11.25 11.00
6 Dithane MALS 3250 2975 23,00 20.00 20,00
7 Dithane Z«78 59400 54425 43.75 27.75 17.00
8 Fycop 90,00 T0S0 57425 27.75 20.00
9 Hinosan 37.00 35475 32,00 31,00 24,00
10 Kitazin 7375 43,50 28425 19025 19,00
11 ranolil 90,00 25,00 500 5,00 5,00
12 Bordeaux
mixture 1% 5.00
13 Control 90.00

Diameter of the disc planted 5 mm,
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Table 11, Per cent inhibition of growth of P. zinziberi by
poison food technique with different concentrations
of fungicides after six days incubation.

I - U BN B BN Bk BN BN BN BN NN BN B BN NN R IR NN O NE I B N B BN B O BE B B

S51.
NOoe
- =

10

1

12

Concentrations in ppm

. liean
Fungicide  Jo500Y" 250(B) S00(C) 1,000(D) 2,000(B)
Antracol 72.34 78.27 87,80 884,10 100,00 8530

(58428) (62409) (69458) (69483) ( Bhebh) ( 68.85)

Bavistin 0.00 0,00 5:95 11‘90 19.35 7.4&
(1480 ) ( 1640) (14412) (20e18) ( 26411) ( 12.64)

Bayer 5072 2 0s00 19,94 65.48 89.88 100,00 95406
1,40) (26453) (54401) (71.44) ( 84.44) ( 47.56)

Cuman 2976 GLe96 @50“2 U018 97.02 7387
(33404) (54e97) (57e52) (T4484) ( 80.04) ( 61.45)

Difolatan 92486 93615 93,45 93,75 94405 93.45
(78e51) (74481) (75015) (75453) ( 7588) ( 75.17)

Dithane M=45 68,45 7173 T9.76 83:33 83433 7732
(55483)  (I7.88) (63428) (65490) ( 65.89) ( 61.76)

Oithane Z=78 36,90 42,56 55,06 - 7411 86490 5911
(37.81)  (4071) (47.91) (59441) ( 68.78) ( 50.85)

Fycop 0.00 23481 38499 The11 83433 44405
( 1.40) (29422) (38465) (59.81) ( 65.98) ( 38.94)

Hinosan 63.10 64,58 69.05 70,44 7845 69.11
(52459) (59448) (56422) (56496) (62. 44) ( 56.34)

Kitazin 19034 55036 73051 84.23 8“052 63039
(26.10) {(/18409) (59402) (66460) ( 66481) ( 53432)

Panolil 000 7738 100,00 100,00 100,00 75448
( 1.40) (61.62) (B4 4h) (84444) ( Bhebh) ( 63427)

Bordeaux 100,00
mixture 1% ( BAOAA)

(Figures ;iven in parenthesis are the angular transformad values)

CD (0s05) between funsicides excludin; Bordeaux mixture : 2¢23
CD (0.03) between concentrations within fungicides
CD (0+05) for comparing Bordeaux mixture with othegp

12 5 1 1

6 4 9

10 7

fungicides
3 8 2

s 0,50

t 3.87

(7able Contdeees)
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inhibition followed by anthracol (87.80) and cuman
(85442)e In 1,000 ppm, only panolil induced cent per
caent inhibition. All other fungicides, cxcept bavistin
{11+90), gave more than 70 per cent inhibition.

in the highest concentration (2,000 ppm) cent per cent

" inhibition was noticed with antracol, Bayer 5072

and panolil. wven in the highest concentration
bavistin caused only 19.3) per cent inhibition.

All other fungicides tried gave more than 75 per

cent inhibition in the highest concentration.

Bordeaux mixture was tried only at one per cent
concentration. At this concentration complcte
inhibition of .« zingiberi was observed.

On comparing the efficacy of different fungicides,
one per c¢ent Bordeaux mixture wes found to be the beat
followed by difolatan and antracol. Franolil, which
was found to be the best in concentirations above 500 ppm
when compared with other fungicides, was on par with
dithane H«45 and cumane

ihere were significant differences among the
dif{erent concentrations of the same fungicide in
inhibiting the fungal growth, Highest concentration
of difolatan, 2,000 ppm though was on par with 1,000 ppm
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was signiiicantly superior to 500 ppme In general
in difolatan the difference between the effects of
two subseyuent concentrations were on par wiile
there was significant difference between the cffects
of alternate concentrations. Antracol at 2,000 ppm
completely inhivbited the fungal growth while 1,000 ppm
and 500 ppm were on par which in turn were better than
the lower concentrations, There was no significant
difference between the effects of 2.000 and 1,000 »pm
concentrations of dithane [M«45, ‘These concentrations
were significantly superior to the lower concentrations.
Complete inhibition oi the fungal growth was noticed
at 500, 1,000 and 2,000 ppm concentrations of panolil.
At 250 ppm the inhibition was only 77.58 pcr cent while
the fungicide failed to inhibit the srowth at 100 ppm
concentration, In all other fungicides hi her
concentrations were significantly better than the lower
ones in inhibiting the fungal growth.
Liquid medium

The fungzus grew well in liguid medium and gave a
dry welght of 808 mg in the untreated control (Table 12).
The extent of inhibition in fung icide incorporated
liquid medium was more than in the corresponding
fungicide incorporated solid medium,
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Table 12, Mycelial weight (in mg) of P. zingiberi in liquid
potato dextrose media incorporated with different

fungicides,

N 2 M w3 s 2 SN B 0% NS S B g3 S B SN DRI N

Concentrations in ppm

Sle
no, Tunstotde  JoooTooon 500(C) 1,000(0) 2,00000) oo
[ B BN BB NS BN N BN E I B BE - R B B BN B BN B NN B BN B BN BE-BE BN I BF- I OB B
1 Antracol 169 139 136 111 67 124,40
2 Pavistin 105 9% 73 73 62 81.60
3 Bayer 5072 432 105 82 73 62 15080
4 Cuman 144 71 65 63 63 81420
5 Difolatan 150 130 118 93 77 113,60
6 Dithane Fe45 171 126 109 108 110 124,47
7 Dithane 2«78 195 158 107 23 82 12513
8 Fycop 603 283 148 105 93 2L7.40
9 Hinosan 207 118 112 9% 77 122400
10 Kitazin 107 9 76 70 69 83420
1 Panolil 185 132 95 £3 75 113,73
12 Bordeaux
mixture 1% 624,00
13 Control 808,00

|3 S o = RS SIS REE SO SRT Bn BE DS S 88

(weight of the fungal disc used = 62 ng)
CL (0.05) between fungicides excluding Bordeaw: mixture 3 1.95

CD (0.05) between concentrations within fungicides s 4,37

CD (0,05) for comparing Bordesux aixture with other
fungicides 3 3.38

CD (0.05) for comparing control with fungicides t 3438

2 % 2 10 5 T 9 T & 17 38
Cuman TDCBA Difolatan EDCBA Antracol EDCBA  Dithane /78 TOCBA
Bavistin :OCBA ranolil  wDCBA  Dithane M=45 DCCBA Bayer 5072 «CBA
Kitazin TICBA Hinosan s“DCBA  Fycop EDCBA
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Fycop was least effective in inhibiting the
fungal growth in liguid medium. The dry mycelial
weisht in fycop incorporated medium was 603, 283 and 148
mgs in 100, 250 and 500 ppm concentrations of the
fun;icide respectively, Lven at Lhe highest
concuntration of 2,000 ppm, this fungicide failed to
inhibit the growth completely. Bordeau§ aixture
completely inhibited the growth of the fungus
at one per cent concentration. Bavistin, Bayer 5072
and cuman also completely inhibited the growth at the
hi hest concentration of 2,000 ppme All other
funiicides showed only fung istatic property even
at the highest concentration - antracol (67 mg),
kitazin (69 mg), panolil (73 mg), difolatan and
honosan (77 mg) followed by dithane Z~78 (82 mg)
and Fycop (98 mg)s “mong the different
fungicides tried at 2,000 ppm, the maximum fungal yield
was obtained in dithane Me~45 incorporated medium.
Cuman showed fungicidal property even in 500 ppm
concentrations All other fungicides showed varying
degree of tungistatic property in the lawest concentrations,

vhen the mean mycelial dry weight of the fungus in

media incorporated with different fungicides were
compared Bordeaux mixture one per cent was found to be



69

supcrilor to all other fungicides followed by cumen and
bavistin which were on par. The next better Ifungicide
was kitazin which was on par with bavistin. uvifolatan
and panolil were found to be superior tw the remaining
fungicides and they were on pare All the fungicides
arc iound to be better than the control.

Field studies

The fungicides which were found to give high
degree of inhibition of growth in in vitro studies were
selected for field trial for controllin, the
Phyllosticta leal s.ot disease of yinger. Iycop
(copper oxychloride) eventhough found lLess efiective in
in vitro trials was also included in the field
trial because it is a cheaper, readily available and
popular fungicide in the narket,

The intensity of disease in the field before the
fungicidal spray was recorded. Disease intensity
ranged from 0,94 per cent to 2,07 per cent and the
difference between the treatments was not statistically
si niiicant (iables 13 and 14 and Fige 7)e

vhe first sungicidal spray was glven six fortnights
after plunting. Three weeks after tine iirst spray tne

maximum disease iuptdence (5431 per cent) was noticed in



Table 13. Comparative efficacy of different fungicides in the control of
Phyllosticta leaf spot disease ol ;inger.

bisease index during each observation Average
Tre:t- Fungicides disease
:gn pre 3 weeks 6 weeks 3 wecks 6 weeks 3 weeks 6 weeks index
¢ spray- after after aft after after after
ing 1st 18t 2rd 2nd 3rd 3rd

spray  spray  spray spray spray  spray
(1) (2) (3) (4) (5) (6 (7

Ty Antracol 1.16 1.48 573 9.17 16.98 32.74 7525 . 20,36
Ta  DordeRuX 2,07 1.88 4,96 7416 12,7 22,81 60,29 15.98
Ty Cuman 1.32 163  4.53 4,83  10.39 19415 57,53 14.20
Ty, Difolatan 0.96 1.26  7.43 8e73  15.81 29,71  70.47 19.20
Ty Fycop 1.72 1,92  6.84 9¢15 16443  31.85  Th82 20.39
Tg Panolil 1.59 2.83  6.67 8439 k24 26,32  63.21  17.57

T7 Control (no 1 09“ 331 8425 11.27 18094 37.72 85..07 23,80
fungicide)

N M m 3 3 2 B E S e 8N 2 3B 3N SRS S NN N N I SE N W NN B EE 3D W NN o
the results of the statistical analysis and the ranking of {ungicides in each
observation and the pooled data are given in table 14,

0L



Table 14. uffect of different fungicides apgainst Phyllosticta leaf spot
disease of ginger,

Observation b‘em CD somparison

period

M M TR O OS2 U5 X R W XT ES I3 Y OSE IR K M ORI 0N SRR R oIy SIS OSSR Wy i AW

:

1st observation NS T& ?1\ T6 TB fs 17 ‘Fz'

2nd observation 0,28  0.84 T Ty T3 T3 15 T 17

3rd observation 0.97 2488 T3 I, ‘1‘1 ’1‘6 ‘1‘5 ‘i‘b T’I

4th observation 0.82 244 ‘TB Tz Tﬁ Th 15 ‘I1 277

5th observation 0.38 1.12 13 > 15 ’l‘b ’f‘s T1 ‘1'7

6th obsarvation 0.72 2.14 T3 I, 16 Ta s T, T,,

M

7th observaticn 3612 927 1‘3 ‘I.‘a 6 lb T5 Ty T?
\ mmm—-»

Pooled analysis 059 1.76 13 TZ T6 1'4 T,' T5 '1‘7

Overall increase . : e .

in disease index 20 9449 I3 T, g T4 T3 Iy Ig

B WM W o M ORI I WS S Mo oX NS ON Mo EomE TN DN E RO D
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the untreated check plois ad the ainimum disease
intensity (1.26 per cent) was noticed in plots,
sprayed with difolatans All the plotis treated with
fun_icides except that with panolil were on par and
significantly superior to the untreated check while
plots treated with panolil and check were on par. A
seneral increase in the disease intensity except in
plots treated with Bordeaux mixture sprayed plots, where
there was a reduction of 0.19 per cent disease intensity
(Tabie 15)e buring this period the muximum
increase was noted in untreated check plots (1.37 per
cent) ollowed uy ~anolil (1.24). n all other
treatments the disease increase was not much pronounced,
which ranged from 0420 to 0432 per cent,

uix weeks arfter the first spray, the minimum disease
intensity was noted in cuman treated plots (4.53 per ceat).
ihis was followed by Bordeaux mixture (4.94 per cant),
Ihe maximum was in untreated check plots (825 per cent).
i“he aisease index of plocs treated with antracol, panolil,
fycop and difolatan were found to be on par with the
untreated checks Cuman and Bordeaux mixture were found
to be superior to control though they were on par with

antracol, panolil and fycops
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There was a g¢.@ral lncrease in the disecase
intensity in all the plots, from threec to six wecks
after the {irst spraye. Ihe minimum incroase was in
plots sprayed with cuman (2.90 per cent) and the
maximum in plots treated with difolatan (6.1/ per cent)
followad by untreated check (4494 per cent), fycop
(4492 per cent), antracol (4.2% per cent) and panolil
(384 per cent).

The second spray was piven six weeks arter the
first spraye. <The disease intensity tlwee wooks after
the second spray was ifound to be maximunm in the untreated
checlk plots (11.27 per cent) followed by those with
antracol (9,17 per cent) and fycop (9.1> per cent) amd
ninimum in plois sprayed with cuman (4.83 per cent)
{ollowed by Bordesux mixture (7.16 per cent), difolatan
(8.73 per cent) and panolil (8439 per cent). here
was siznificant difference between the treatmoentse cunan
was tound to be auperior to all other treatments
though it was on par with Bordeaux aixture. +he plots
whi h received sordeaux mixture, panolil, dirolatan,
fycop and antracol were on pare Fycop and antracol were
on par with the untreated check.

Increase in the intensity of tie disease was maximun
in antracol treated plots and in untreated check (3.44
and 3,02 per cent respectively). The minimum increase
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in the disease intensity was noticed in cuman treated
plots (0«30 per cent) and panolil (1472 per cent).
But the plots which received Bordeaux mixture had
shown an increase of 2,22 per cent and those with
Lycop an increase of 2,31 per cent (Table 15).

5ix weeks aiter the second spray the disease incidence
was found to be minimum (1039 per cent) in cuman
sprayed .lots while it was maximum in the untreated
chack (18,94 per cent) followed by plots treated with
antracol (16.98 per cent), Lycop (16,43 per cent),
diiolatan (15,81 per cent) and panolil (14,24 per
cent) and sordeaux mixture (12.74 per cent). wvifolatan
and fycop were found on par and they were superior to
antracol.

The increase in the disease lntensity during three
to six wecks after the second spray was minimum in cuman
(5456 per cent), Bordeaux mixture (5,58 per cent) and
panclil (589 per cent) sprayed plotse The increase
was moximum in antracol treated plots (7.8%1 per cant)
followed by untreated check (7.87 per cent), fycop
(7.28 per cent) and d ifolatan (7.08 per cent) treated
plots.

4ll the treated plois had signiilcantly lower
dlsease incidence comgared to the chack (37.72 per cent)
when tiae observation was taken three weeks after the



Table 15, Average increase in disease index, 3 weeks and 6 weeks after
each spray in the fungicidal trial against Phyllosticta leaf spot.
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increase An disease index

Treatment F icides 3 weeks 6 weaks 3 weeks © weeks 3 weeks 6 weeks
ung after  after after after  after  after

1at 1st 2nd 2nd 3rd 3rd

spray spray spray spray spray spray

T1 Antracol 0432 4e25 344 7«81 15.76 L2451
TZ Bordeaux «Q0,19 3406 2622 558 10.07 37.48
nixture
T3 Cuman Oe31 2490 030 556 8.76 36438
Tl; Difolatan 0.32 617 130 7.08 1390 “0076
Ts Fycop 0.20 492 231 728 1542 42,97
T6 Panolil 1.24 3.84 1.72 5485 12.08 36.89
T7 Control (no 137 L4o9h 3402 767 18.78 47.35
fungicide)
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third spray. Cuman treated plots continued to show
significantly low disease index (19.15 per cent)
followed by plots sprayed with Bordeaux mixture and
panolil., Difolatan (29,71 per cent) and fycop

(3185 per cent) were statistically on par followed by
antracol (32.74 per cent) which was on par with

£ycop sprayed plots,

The increase in the disease intensity was minimum
(8476 per cent) in cuman treated plots, three weaks
after the third spray while the increase was maximum
in untreated check (18,78 per cent)., Among the
fungicide treatments antracol gave the maximum increase
(15476 per cent)(Table 15).

A similer trend was noticed when the observation
was taken six weeks after the third spray. However,
durin; this period cuman, Bordeaux mixture and panolil
treated plots did not exhiovit significant difference
amon;;, them.

The disease intensity suddenly increased during
three to six weeks after the third spray. An increase
upto 47.35 per cent (in the untreated check) was
observed during this period, In all the fungicides
sprayed plots this trend was observed; the minimum in
plots treated with cuman (36,38 per cent) and meximum
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plots sprayed with fycop (42.97 per cent)(Table 15),

The mean disease index of the seven observation
were taken for comparing the efficacy of different
funglicides against the disease, All the fungicide
treatuents were sisnificantly superior to untreated
checke Among the fungicide treated plots the minimum
disease infection was noticed in those with cuman
(14420 per cent) and it was superior to all other
fungicide treatments. Cuman was followed by
Bordeaux mixture (1598 per cent) which was on par with
panolil (17.57 per cent). FPanolil was on par with
difolatan (19.20 per cent)e Among the ifungicide treated
plots the disease infection was maximum in plots
sprayed with fycop (20439 per cent) fullowed by those
with antracol (20,36 per cent) which was on par with those
with difolatan. Untreated check gave the caxioum
intensity of 27.60 per cent (rables 13 and 14).

dhen the overall increase in the disease intensity
was worked out from the pree=spraying to the Iinal
observation the treatments were found significantly
different, Out of the six fungicides cuman showed the
minimun increase in the disease intensity (56.21 per cent)
followed by Bordeaux mixture (5822 per cent) and panolil



(61.92 per cent) which were not signiiicantly different
from one another. ihe maximum increase i disecase
intensity was showed by the untreated check plots
(83413 per cent) which was on par with antracol treated

plots, Plots treated with fycop (73.10 per cent) and
difolatan (69.53 per cent) were on par with those with
antrecol (74,09 per cent)(lable 16).

uffect of fungicide treatment on the control of
Phyllosticta leaf spot and the rhizome yield of ginger
was worked out, Overall increase in the discase
index due to the treatuent effect and the per cent
decrease over control (untreated check) was found out
fron the average disease index. Similarly from
the yleld data average yleld per plot and the per cent
increase of yleld over the control as a result of the
fungicide application was calculated (Tlable 16),

ihe maximum decrease in disease intensity over the
control was observed in cuman sprayed plants (32,30 per
cent) followed by plots treated with Bordeaux mixture
(29097 per cant), panolil (25.31 per cent), difolatan
(16.36 per cent), Lycop (12407 per cent) and ontracol
(10.87 per cent), Variation in the average rhizome yield



Table 16,

and yield of finger.

Effect of fungicide treatuments on the intensity of disease
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Overall . % fdecrease Average % increase
Treataent in disease  control  lot 1h  control

index kg

2D S P M ETESESSRE SN ENCENNCDSESS s NSRS

Antracol 74,09 10,87 284240  20.48
sdordeaux uixture 584,22 29,97 29,950 27.82
Cuman 56.21 32438 31.640 34.98
vifolaten 69453 10436 294840 27.30
Fycop 7310 12.07 24,600 4e95
Panolil 61.92 25451 28,000 19445
Control (no 83.13 - 23,440 -

fungicide)
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per plot was not statistically sipgnificant, However,
the variation in the yield was directly proportional to
the efficay of the fungicide on the disease coatrol.
Cuman treated plots gave the maximum average yield
(31.640 kg green ginger per plot) followed by
plots sprayed with Bordeaux mixture (29.960 kg),
difolatan (29.840 kg), antracol (28.240 kg), panolil
(28,000 kg) and fycop (24,600 kg)e  he lowest
average yield of 23.440 kg was reccrded in the control
plots,

The maximum per cent increase in yiecld over the
control was obtained in cuman treated plots
(34,98) followed by plots sprayed with Bordesux
nixture (27.82) and difolatan (27.,30). ihe oinimum
increase was observed in fycop (4495 Ler cent)e
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DISCUSSION

The. Phyllosticta leaf spot oi singer is an
important disease or ginger, causing complete drying
o the leaves during the later stazes of the crop
growth, The symptoms of the diseas¢ has been studied
by several workers in India, namakrishnan (1942),
sohi 8t al (1954) and Shukla and Haware (1972).
ine detalled symptoms observed durin; the study are
similar to that observed by earlier workers except
that in the present study shot hole symptoms were
noticed., However, iiallum and Divinagracia (1969)
recorded shot hole symptom froa rhilippines, ‘ihe shot
hole symptom was not very common and it gpyears
mostly during the dry periods This may be the reason
why the earlier indian workers did not observe this
symptom,

The morpholoygical characters of the pathogen,
Phyllosticta zinuiberi has been studied in detail by
earlier workers, Hamakrishnan (1942), Sohi gt al (1964)
and Shukla and Haware (1972). In the preseat study
the shape and texture of the pycnidia are iound to be
similar to that already described by thc earlier workers,
flowever, in the size, there is a slight variation and
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it was observed to be samaller (60 - 13 um) when
compared to that observed by earlier reports, <This
slizht variation may be because the measurement of
pycnidia was taken from the {iype saran vhich is

proved to be comparatively resistant to Phyllosticta
leaf spot (Table 8 ). Levine (1925 and 1928) working
with the uredospores of rust funii have shown that
the spores produced in the resistant plent are
smaller,

-The pycnidiospores observed on the type species
measured 3¢7 = 7«4 um x 1e2 = 2,5 um (damekrishnan 1942).
In the present study the pycnidlospores from the natural
substratum measured 4e6 = 9¢3 um x 2¢5 = 3.9 um and
chere was no difference in the shape, guttulation
and other characters of the spore. ine size of the
spores observed in the present satudy were larger than
that described by Ramakrishnan (1942). Sohi gt al.
(1964) and Shukla and Haware (1972) have observed
spore size oi this pathogen in between the type species
arki the present observation, This slight difference
in the spore measurement does not warrant any
taxonomical rearrangement of the pathogen because
slixht veriation in the size and shape oi fungsl spores
may occur due to the influence oX the vavironmental factors.



The cultural characters of the pathogen in potato
dextrose agar were similar to that obhscerved by
Ramakrishnan (1942), The production of pycnidia in the

ture started from fourth day onwards and well
matured pycnidia were observed after seven days.
llowever, Shuxla and Haware (1972) observed the
pycnidial production only after seven days. This
variation may b¢ due to the difference in tne wmedia and
other incubavion comdicions. The size ol the pycnidia
and pycnidloapores in the media are found to be much
lurger when compared o that observed in the natural
substratum. In the artificial media the pycnidia
measured 457.8 -« 934.6 um and that or the
vycnidiospores were 4ef = 1440 X 540 = 4¢5 pume  There
arc no reporis regarding the oeasurement oi the
prenidiospores from the cultures  Hamasrishnan (1942)
and Shukla and Haware (1972) observed chat the size of
the pycnidia in the culture measured 100=270 um and
100-250 um diumeter respectively. In the present
investization the size of the pycnidia observed ia
culture was much hi her. Similar observation has
also been observed in the sane pathogen which was
isolated from the leaf spot of turameric by Sumanwar
and Bhide (1952)s. They found that in the host the
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pycnidiospores were 3,0 = 5.8 x 1.5 ~ 4,1 um and on
PDA 4,5 = 940 X 340 = 4.5 jm respectively. This
variation in the natural substratum and the culwure
may be due to the fact that the organism is getlting
readily available rich nutrients and relatively non
disturbant humidity conditions in artificial medium
under laboratory conditions. From the ahove findings
the organism causing the leaf spot disease of ginger
is further confirmed to be Phyllosticta zingiberi
Ramakre. by the present work,

Susceptible plants in a vulnerable state,
disease causing parasites in an infective stage and
favourable environmental conditions are the three
important factors that act in close harmony for the
establishment of plant diseases (Miller 1953).
The present studies on the infection and development
of Phyllosticta leaf spot of ginger reveals that if
sufficient inoculum potential is available, the
availability of sufficient number of matured leaves is
the most important condition for the development of
disease in the host. There was a significant
positive correlation between the numbei of matured
leaves per plant a2nd the intensity of the disease (Table 3).
This is in agreement with the concept of Yarwood (1959)
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that "the age of plants and the conditions under which
they grow affect their susceptibility to disease, is
called pre-disposition, which is the tendenby of non
genetic conditions, acting before infection, to affect
the susceptibility of plants to diseasna", '

The climatic factors also have a direect effect on
the intensity o: the disease in the ficlde The
severlity of thc disease in field was found to be high
with a reduction of maximum and minimun teaperature
and an increase in the relative humidity. ‘[lThakur
(1975) also observed that infection of Hibiscus
cannakha Y Ehvklosticts hAbiscing could become savere
with hizh moisture, Gaiup cloudy weather and a
temperature range of 25 « 30°C, The insignificance
of the individual wesgther factors on the disease
development in the present study may be because
ginger, being a seasonal spice, is growing in a
favourstle environmental condition for the pathogen
throughout the crop growthe

The age and number of leaves are the two lmportant
faccors for the infection and development of disease in
tha fizlde ‘this may oe the reason for the low
disease index during the early stages oi crop growth

eventhou;h the weather factors were favourable for the



infection during this period (Table 2)., ihe
inoculation studies have also shown that only
physiolo;ically active anc mature leaves take infection.
This can be attributed to high tannin and phenolic
content in the tender and young leaves _iving
resistance against the fungal infection and development,
This explains the low diseuse intensity during the
carly stages of crop growth,

‘hen the crop attains maturity there was an increase
in the disease index (Table 2). This can be
atiributed to several reasovns. ihere was a high
inoculum in the iield during the luter stages of the
crop growths This could cause diseasse on all the
available leavese Jecondly, almost all the leaves
reached physiological maturity and as was proved in
the inoculation studies, the leaves took infection
casilye 1he discase indexing was donc by srading all
the leaves in each observation. lHence, even if there
was no new infection, the oider infecteu leaves gave a
higher index with the develupment and spreax oi the
already existin; leaf spots.

A possible reason for low intensity of disease in
the f{ield during the early stages oi crop growth may be
the low inoculum. <[he initial inoculum should multiply
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and only after reaching a proper inoculum potential ik
ocan cause disease, Since ginger was not cultivated
in the field before, the ilnoculum shoull come¢ from the
neighbouring fields where the inoculum ireuained on
infected leaves ol the previous crop present in the
801l or from collataral hosts.

Usually in tap water and distilled wvater the
conidia of hyllosticta germinate ly putting forth a
sin;le germtube. However, a very low porcentage
(10 per cent) of bipolar sermination was noticed after
12 hours in distilled water in the present study.
idipolar germination in tap water was more than in
distilled water and it was <3 per cent aiter cight
hours and 31 per cent after 14 hours. iue bipolur
germination phenomena was not observed in the leaf
extract, <The inhibitory effect oi. tic leal extract
may be due to phenols and other inhibiltory products
present in the leaf sap. .arimum bdipolar germination
was observed in sucrose solution (10,000 ppm) where it
was 33 per cent after six hours and 5843 per cent after
14 hours, Ihe sucrose solution also initiated early
gernination of the spores and within six hours wmore
than 75 per cent of the spores germinated. Onesirosan
(1976) observed that carbon source increase the swelling
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of the spores and hasten the gérmination of conidia

of Phvligesticta lvgopergici. <The increased gernination
oI the conidia in sucrose solution may be because of

the stimulating effect of carbon source in sucrose
solution. Etkundayo (1965) found that the sugar solution
enhanced the germination of fungal spores by inducing
plasticity of spore wall. The increased bipolar
germination in sucrose solution in the present study

nay be due to additional energy and materials for the
formation of new inner walls which precedes

germtube formation ware supplied by sucrose. A

similar observation was wade by Ekumdayo (1965) workin, with
lhizopusa spores,

It can generally be assumed that the primary source
of inoculum for a ilsease like leaf spot disease of
~inger usually comes either from a perennial collateral
host or irom a hibernating stage oi the pathogen.

In the presunt studies an attempt has boen made to study
the privary source of inoculum of Fhyllosticta leaf spot.
2he pathogen has been found to survive on the

infected plant parts either in the forwu vl hibernating
mycelium or its fructilication, pycnidia. The pathogen
in the infected leaves burried upto a depth of 15 cm or

prasent on the soil surface has been fourri to survive
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for more than seven months (from harvest to the
development of symptoms in the naxt season). iMost
part of this period in Kerala (January=July) is usually
a dry period and the soil tempecrature may £o even upto
40°C, These observations support the findings of
Brahma and Nambiar (1980) who reported that the
pycnidiospores and mycelia of phyllosticta zing iveri
remained viable for 14 and 30 months under laboratory
conciitions, ihey also found that under the {field
conditions the pathogen survive in the burried lcaves
in the summer months (February to May)e ihis clearly
proves that the pathogen could survive in the soil
eicther in dry or wet condition and serve as primary
inoculum in the field,

All the 22 ginger tiypes screened against the
Phyllosticta leal spot were found to be susceptible to
the disease in varying degrees. Amon. the 22 types
of _in.er screened Maran was found to be the least
suscuptible and vengara the most susceptible. A
preliminary study conducted by ilybe and Hair (1979),
showed Tafingiva to be the most resistant type {ollowed by
iaran and Taiwan the most susceptible one, lafingiva
was not included in the present study. 1In the prescent
investigation vengara was highly susceptible



followed by Taiwan.

However in the rank analysis, laran came second to
Burdwan. This is because oif the hi_h rank position
of Maran in the initial stages of obscrvation. in
the carly stages of crop growth iaran did not show
its superiority over the other types but when it
attained half maturity it showed hi;h de;ree of
resistance and the disease index was the least, liore
or less a similar trend has been obsscrved in the type
Karakkal. Unlike these two types, Burdwan which has
shown a low disease index in the early stazes ol the
crop became highly susceptible as it _rew old. ihe
type Bajpal has shown almost same degree of
susceptibility from the beginning to the last,

In all the 22 types, the disease intensity showed
a progressively increasin; trend with an increase in the
number ol leaves per clumpe 1ihe least
susceptible type “aran had a disease index of 06,67 six
fortnizhts after planting and at the {inal observation
it was 53,00 per cent, followed by 0.86 to 55 per ceat
for Karakkal, The corresponding figures for the
most susceptible type Vengura was 0.49 and 9450,
This indicate that some biochemical substances which
induce or inhibit the developuent ol the disease in the
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plant, might have dewveloped in the diiferent stages
ot growth of the host plant.

In the bloassay studies conducted during the present
investigation out of the 12 fungicides tried
Bayer 5072 at 2,000 ppm and Bordeaux mixture one
per coent gave cent per cent inhibition in both solid
and liquid medium. Antracol 2,000 ppm and panolil
500, 1,000 and 2,000 ppm gave cent per cent inhibition
in the solid medium while in liguid medium there was
sone growthe

ivhe funglstatic ability of Bordeaux mixture,
LG,y Zincby Captan, Folpet, ODithianon, Ziram
and vopper oxychloride on pycnospores of P. prunicole
was revorted by Ristanovic (1972). .ven though in the
praesent study Hinosan and Fycop was not iungicidal
even at the hizhest concentration of 2,000 ppm in
solid and liquid medium, Deshpande gt al.(1973)
working with pPhyllostictag eletiariae ifound these
fung icides to be hizhly effective at 250 and 1,000 ppm
respectively. T[his may be due to the species
diiference of the funguss Prasad gt gl.(1978) observed
that difolatan even at the lowest doses (25 ppm) was
inhibitory to the pathogen of cardamom leaf spot

caused by phyllosticia glekkaciage. iIn the present study,
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in solid medium, a similar result was obtained. .ven
at the lowest concentration of 100 .pm, there was
92,80 per cent imhibition or fungal pirowth over the
control. itiowever, complete inhibition of the fun us
was not obtained even at 2,000 ppm (93.45 per cent).
A4 similar result was obtailned in liguid medium also
(lables 11 and 12). In liquid medium bavistin
2000 ppm and cuman 500 ppm and above, jave cent
per cent inhibition of growth of the iun,us though they
su.ported some growth of the fungus in solid medium.
ihis can be attributed to the uniform dispersal "of the
fun;icides in liquid medium than in solid medium,

ihe efficacy of six different Zun icildes
vizs., antracol, Bordeaux mixture, cuman, difolataan,
fycop and panolil, in controlling the lLeafl spol disease
was tested in the fielde Three sprays of
tungicides at six weeks intervals were _ivene
In general, a definite reduction in the disease index
as a result of fungicide spraying is seen from the
resultis, there is significantc difference between the
effect of different iun;icides in choecking the diseasc,

rlots sprayed wiih difolatan and aniracol were
found to show minimum disease, threc weeks atter the

first spray. 11is shows the eificacy oi these two
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fungicides in checking the disease in a protective manner.
she efiicacy of difolatan against Phyllosiicta was also
proved by iiao and Naidu (1974) and sam and itao (1978).
Jhey observed reduction of the nursery leaf spot of
cardamom ceused by Phyllesticts elettariag by difolatans
she effect of these two fungicides was roumd reduced,
six weeks aifter the {irst spray as indicated by the
increase in the disease intensity and the rank position
from one and two to six and three respectively
(rables 13 and 14)e This may be due to tae less
persiscent nature of difolatan and atracol.

cuman and Bo: deaux mixture were found to be very
ei‘i‘ective in controlling the disease throughout. Lhey
were on par vith difolatan and antracol, three weceks
after the Irirst spray and atterwards thuey showed maximum
efficacy in cnecking the disease. ihis can be attributed
to the very g ood persistent action of these

fun_icides on Phyllosticta as was showvm by

14 52}‘

(ochneiderhan, ¥c Callan, 19463 Tandon and Biljrami,
19073 Listanovic, 19723 Lohi et gl, 1975 and Saksena
aad Aumar, 1974).

t'ycop, eventhouch a copper fun icice was not
effective in controlling the disease which is indicated
by the high disease intensity from the beginning to the
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end of the experiment, the rank position buing five
during all the observation,

rvanolil was found to have leas protective action, whici.
is evident from the fact that it raniked sixth three wecks
ufter the first spray and waes on par with the untreated
check. However, therapeutic effect ol the fun_icide
can de visualised as there was a reduction in tne
«isease intensity during the subsequent periods of
observation and it became on par with cumanj aix
woeks aiter the second spray (Tlables 14 and 1),  ihree
weeks after the third spray, panolil ranized third
based on minimum disease intensity andi retained the
same position throughout. [his may be due to the
cumulative and thersgpeutic action of the rungicide.
~herapeutic action of panolil was ooserved by ohah
(1979)e  ihe rank position of plots, treated with
different run iciues, based on the avera’e disease index
remeined same from three weeks after the second spray
onvards, This is, because belng a leal spot disease,
onc: the disease has set in, the further developuent of
the leal spol could not be checked effec%ively. ine
study emphasizes the nwed for giving prophylatic spray of
fungicides, cuman or Bordeaux mixture which are found
to be very efiective because of their urotective

and persistent action.
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SUMMARY

Te The study entitled "Studies on the Phyllosticta
leaf spot of ginger" was conducted at the College of
Horticulture, Vellanikkara during 13579-1981, The
field experiments on screening of ginger types and
fungicidal trial against the Phyllosticta leaf spot
discase were conducted at the Instructional Farm of the
College of Horticulture, The laboratory experiments
were conducted at the Department of Plant Pathology.

24 The first visible symptom of the disease was
noticed on the physiologically active lcaves as
chlorotic specka, The well developed spots were oval
or elongated, rarely circular in shape with a papery
white holonecrotic centre encircled by dark brown
raised margin surrounded by yellowish halo measuring
660 = 10,0 mm X 260 = 6,0 mm in size, Rarely shote
hole symptoms were observed, 0Often the spots
coalesced to form large patches.

3 The causal agent of the disease was found to
be Phvllostictas zinziberi itamakr, Koci's postulates
were established. Artificial inoculation was
successful only on injured leaves inoculated with the
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fungus. &ven on injured leaves artificial inoculation
was not successful on the first three leaves,
Fructification (pycnidia) of the fungus was more during
the later stages of crop growthe

4o The detailed study on the plant and environmoental
factors influencing the disease development in the
field revealed that the average mumber of matured leaves
per plant had a significant positive correlation

with the disease intensity in the fleld,

5 An increase in the relative humidity and a decrease
in the maximum and minimum temperature influenced
the disease developmant positively.

Oe Spore germination was faster and maximus in
10,000 ppm sucrose solution. Bipolar germination
was noticed more in 10,000 ppm sucrose solution when

compared to tap water and distilled water,

Te The pycnidiospores and mycelia of the funjus were
found to survive for a period of more than seven months
in soil under different depths and at different
moisture conditionse. This period was the maximum

time the fungus should remain in a hibernating
condition between the harvest of the croy and symptom
appearance in the subsequent crops
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Be Hone of the 22 ginger types screened was found
to be resistant to the Phyllosticta leaf spot. The
type Maran was found to be the least susceptible
followed by Karakkal and Bajpai. Type Vengara was
the most susceptible one.

e One per cent Bordeaux mixture and 2,000 ppm
bayer 5072 gave cent per cent inhibition of the fungal
growth in both solid and liquid medium when bloassay
studies werc conducted using 12 fungicides.

10. Antracol 2,000 ppm and panolil 500 ppm and above
gave cent per cent inhibition in the solid medium,

1. Bavistin 2,000 ppm and cuman 500 ppm end above
gave cent per cent inhibition of growth of the
fungus in liquid medium.

12. All the fungicides tried in the field reduced the
disease incidence compared to the untreated check.

13, Cuman was found to dbe the most effective
fungicide in controlling the Phyllosticta leaf spot of
ginger, followed by Bordeaux mixture and panolils

14, raxioum average rhizome yield was noticed in cuman

treated plots followed by Bordeaux mixtures
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APPLNDIX X
Fortnightly averages of disease index of Phyllosticta
leaf spot and rank position in different ginger types.
Analysis of variance table

Fortnight o Mean
ending on Source af e F
o M I I3 O3 M T SO o3 KIS B I o W 2 o S S 2 W SR
Total a7 NS
17 w=Bm=1979 Block 3 6,06 1.661%i
(1) Treat 21 9.17 2451
arror 63 3465
Total 87
31==8--1979  Block 3 Te6T  3.94we
(2) Treat 21 423 2,478
Lrror 63 1.9“
Total 87
NiwmGee1979  Block 3 73.66  Lo2q%+
3 Treat 21 17.46 1,000
krror 63 17 51
Total 87
28a=9==1979  p)ock 3 68413 3.58%
(4) Treat 21 51,94 2,739
Error 63 19.02
Total 87
12-10=-1979  Block 3 0.64  0.58%
(5) Treat 21 51e77 47 e17**
srror 63 1.10

(Contd.....)



(Appendix I Contdeses)

Fortnight

ending on Source
8 WM 3 M 3 W S B3NS
Total
26«10=1979 Block
(6) Treat
wrror
Total
Gue11=1979 Block
(7) Treat
Error
Total
23=11-1979 Block
(8) Treat
~rror
lotal
Twe1201979 Block
(9) Treat
wrror
Total
21=12«1979 Block
(10) ireat
~rror

" G W G» G ap A W5 W W =

NS : Non significant

*% : Significant at 5% level

CD are given in table 7

-

Mean
square

0.87
35427
1467

- ek W W

0.63
29.82
3433

- wn " W W

1.68
169,18
977

39.19
293.89
18,69

. e @ as

159.84
411,13
151.08

- e 5 m

F

0.52%

19.88**

- e w -

0.19N5
8.9H**

1.72%
17 32%%

2.10™%

15.72%%

- . s W

1.06™

2,72%



APPENDIX 11

Analysis of consolidated data of the diseasSe index
at fortnightly intervals of different types of
ginger againast the Phyllosticta leaf spot.

Analysis of variance table

Source dar Mean square F

Total 87

Block 3 1.02 0.38%
Ireat 21 47.88 17 467 #*
grror 63 2.71

T R R T
NS 1 Non significant

*# 3 Significant at 1% level

CD (0s,05) s 2433



APPERDIX 1II1I

Per cent inhibition of growth of P, zipgiberi by poison
food technique with different concentrations of fungicides
after six days incubation.

Analysis of variance table

Source df Mean square F

4 K2 B 3 2 XM 0 W NI NS RS D I I SNBSS am

Total 227

Fungicides 12 599775 bl 526 ,73%*

within Antracol 4 “01 97 3 092 ,0B*#
"  Bavistin 4 493423 3479 e08x*
" Bayer 5072 &4 44544495 34,961 4158 *
*  Cuman 4 19338450 10,2964 15**
" pDifolatan 4 1.20 Ge237#
" Dithane M=45 4 86,76 6674 38%*
v p.thane Z-78 &4 686,96 5,284 31%%
" pPycop 4 24655416 20,424 ¢ 3 #*
" Hinosan = 4 59.88 460 462
#*  Kitazin 4 1 ,159027 8, 917 46 *
%  Panolil 4 59175 1 3948086 77**

grror 17 0.13

#* Significant at 14 level

CD between fungicides excluding Bordeaux aixture : 2,23

CD botween concentrations within fungicides

rdeaux mixture with other
fungicides

CD for comparing

$ Q.50
1 3.87



APPENDIK IV

Mycelial weight (in mg) of P. zingiberi in liquid potato
dextrose media incorporated with different iungicides.

Analysis of variancc table

Source ac Mean square F
[ _JEE-TNE- - TN - JNE BN JEE JNE BN B IR IO BN TEN O DNE - JNE JNE TN JNE - JNE - BN NN NN NN IS - B BN
Total 170
Fungicides 11 30927145 3598310 %
within antracol 4 4,358.4 573 ¢S50+
" Bavistin b Olls o s 124, 26%*
“ Bayer 5072 4 75915049 9,588 ,28%+
" Cuman &4 5.729'6 490,74
" bDifolatan b 2953249 333 628%%
Jithane =45 b . 2,163.8 284 T12e
Dithane 2«78 b 7,402.8 974405%#
n Fycop 4 1935, 14749 17,782.,00%%
" Hinosen 4 7,531 9 990, 9r*
" Kitazin b 833.1 109,62
" Fanolil 4 6,24541 821,72»*
Control vs. Ireat 1 13,82,282,0 1,81,879,21%+
spror 114 7460

m M 2 3 8 8 |58 32 8 M8 88 9 e Sy D Mg S S e8 s

#% 5icnificant at 1% level
CD between fungicides excluding Bordeaux mixture 1§ 1,95
Cb between concentrations within fungicides s 4437

CD for comparing Bordeaux mixture with other

fungicides 3438



APPLNVIX V

Comparative efficacy of different fun;icides in the
control of Phyllosticta leaf spot disease of ;inger.

Analysis of variance table

. O BEME D S S N NS TS S S S M S W IR N

gg?gggation Source df [ean square @ F

o U I I3 1 B K Mo 22 M S OB NN R a S RIS WD |
Total a7 .

1st observation  Block 3 0,16  0.28%

(pre spraying) ireat 6 0.71 1.27Nb
srror 18 0¢56

2nd observation Total - 27 9

3 waoks after Block 3 0.72  2432%

1st spray Treat 6 2e25 7026**
wrror 18 0.31

> ep e WS A0 Gy P W A T AR A W AP GF W O AP G W @ B @y @ A9 W

3rd observation  ‘otal 27

5 | NQ
6 weeks after ?1°°k 3 2048 146
18t spray Ireat 6 7 oh7 JeTinn
mrror 18 3 076
&4th observation Total 27 ©
3 weeks after Block 3 4481 ?‘7é
IInd spray ireat 6 15.87 DeBBw*
srror 18 2470

- o W My AP G AP N A G W WS AR D W A e G A Ak D W A W @ W

(Contd.u...)



(Appendix V Contdessess)

Observation

period Source
5 W 53 . WM KD R BN WSS
Total

5th observation Block
6 weeks after
IInd spray

Treat
Error

Total
6th observation Block

3 wecks after
I1Ird spray

Treat
krror

" e W en TR GP B P G0 W =W W W

Total
7th observation Block

6 weeks after
IIIrd spray

Treat
wrror
Total
Block
Ireat
arror

Pooled analysis

N5 : Non significant

df Mean square F

B S 5 I 03 2RO G WMW
27 +
3 0437 0.65™
6 32465  57.28%%
18 057

27 .
3 0.62 0.30™%
6 160,09  77.34*

18 207

27 ,,
3 69.77 1.79%
6 381.70 QL.80%*

18 38.%

27 :)
3 1.61 1,15
6 4053  28.95%#

18 1440

- G W NN O SN A A G e N W

*#* 3 51i:nificant at 1% level

CD are given in table 14



APPERDIK V1

cffect of fungicide treatments on the intensity of
disease and yield of  inger.

Analysis of variance table

uwffect on Source df Mean square F
2 M S 3 8 WM IR O B 55 5 5 o 2 £ B B X G S5 3 M S B O .
Total 27
Overall iacrease g, 3 69027 1,69
in disease Treat 6 377.30 9,23
index wrror 18 40,87
Total 27 .
Average yield Block 3 41.19 2.16&‘
per plot ireat 6 3525 1.85“3
rror 18 19.08

NS ¢ Non significant
## 3 Significant at 1% level
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ABSTRACT

Laboratory and {ield experiments of "The studies
on the Phyllosticta leoaf £00% Qf singer" were conducted
at the College of Horticulture Campus, Vellanikkara
during 1979-1961.

The first visible symptom of the disease was
observed as chlorotic specks, Fructification was
more during the later stages of crop growth.

The detailed study on the plant and environmental
factors influencing the disease development in the
field revealed that the average mamber of leaves per
plant has a significant positive correlation with
the disease intensity.

Koch's poauilate and morphological studies proved
that the pathogen causing the disease is pPhyllosticta
zlngiberi Ramekr.

Uninjured leaves and first three leaves, even
after injury, failed to exhibit the symptoms on inoculation.

Conidia germinated by putting forth single or double
sermtubes. Sucrose solution (1,000 ppm) supported faster
and maximum spore germination and the bipolar germination
noted was maximum in this solution.

The fungus entered the leaf by direct penetration
of epidermal cells without appressoria formation.



The pycnidiospores and mycelia of the pathogsen were
found to survive even after seven months in soil
under different depths and moisture conditions,

The typc Maran was found to be the leaat susceptible
followed by Karakkal and Bejpai, whereas type Vengara
was the most susoeptible one.

Out of the 12 funglicides tried, one per cent
Bordeaux mixture and 2,000 ppm Bayer 5072 gave cent
per cent inhibition of the fungal growth in both solid
and liquid media., Antracol 2,000 ppm and panolil
above 500 ppm in solid medium; bavistin 2,000 ppm
and cuman above 500 ppm in liquid cedium gave cent per
cent inhibition of fungal growthe

In the field trial cuman, was found to be the
most effective fungicide in controlling the disease,
followed by Bordeaux mixture and panolil

Maximum rhizome yield was noticed in cuman treated
plots followed by Bordeaix mixture.



